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EXECUTIVE SUMMARY

The Florida Everglades is a complex ecosystem of diverse, interconnected subtropical habitats. Once
comprised of over 4 million acres, today the historic Everglades have been reduced by half. The conflict
of human versus natural elements in South Florida began in earnest in the early 1900s, when the control
of water and the drainage of wetlands were first considered essential for commerce and human safety.
Loss of life due to hurricane-related flooding in the 1920s accelerated drainage projects, culminating in
the congressional authorization of the Central and Southern Florida (C&SF) Flood Control Project in 1948.

Over the course of the next 50 years, exponential population growth, urbanization, and agricultural
practices significantly altered the South Florida ecosystem. Implementation of the C&SF Project
hydrologically fragmented the Everglades, resulting in unnatural quantities and timing of freshwater
flows to and through the remaining natural areas. These hydrologic changes resulted in severe ecosystem
degradation, evidenced by a 90% decline in wading bird populations, declines in commercial and
recreational fisheries, significant decreases in the number of Everglades tree islands, and widespread
invasions of exotic plants and animals. Currently 68 species in the Greater Everglades are federally listed
as threatened or endangered.

During the past two decades, the Florida Legislature and the U.S. Congress have enacted a series of laws
to redress environmental harm to the South Florida ecosystem. Many of these laws provide the
authorities under which the state and the federal governments operate and fund programs that
collectively comprise the South Florida restoration effort. Most recently, the Congress authorized the
implementation of the Comprehensive Everglades Restoration Plan (CERP), which will be implemented over
the next four decades by the federal and state governments. The CERP will modify the C&SF Project to
increase future water supplies for the environmental purpose of restoring the South Florida natural
system, while also providing for other water-related needs in the region.

To support ongoing South Florida restoration efforts, the U.S. Department of the Interior and its bureaus,
the U.S. Fish and Wildlife Service, the National Park Service, and the U.S. Geological Survey, developed
this science plan to identify the science needed to support DOI managers in fulfilling their stewardship
responsibilities for natural resources in South Florida. The science plan also supports DOI's efforts as a
partner in South Florida restoration, including the implementation of the CERP.

Overall, DOI science will assist in the intergovernmental effort to answer three overarching restoration
questions:

What actions will improve the quantity, timing, and distribution of clean fresh water needed to restore the
South Florida ecosystem?

What actions will restore, protect, and maintain natural resources on DOI lands in South Florida?

What actions will recover South Florida’s threatened and endangered species?

Success in addressing these three overarching questions at ecological scales ranging from individual
species and communities, to individual parks and refuges, to the entire South Florida ecosystem will
require a well coordinated, collaborative, and integrated effort among participating agencies and
stakeholders. None of these questions can be answered independently by any one agency or partner.
Science must be synthesized and disseminated among the wide range of agencies and partners involved
in this effort. Moreover, each of these questions raises more specific questions about the interrelated
variables affecting the condition of the ecosystem, including hydropatterns (the quantity, timing, and
distribution of water), water quality, ecological responses of biological communities and species to



changes in water quantity and quality, the role of fire, the effects of invasive exotic species, the effects of
adjacent land uses on natural areas, and the effects of public use of parks and refuges. The major
unanswered questions associated with particular projects are identified in this report and serve as the
focal points for discussing what is known and what additional scientific information is needed to help
ensure that each project produces the intended performance within the ecosystem.

This DOI science plan identifies the key projects and information needs for DOI managers as they fulfill
their roles as stewards and partners in South Florida restoration efforts. Two DOI bureaus, the U.S. Fish
and Wildlife Service (FWS) and the National Park Service (NPS), are responsible for the resource
stewardship and public use of extensive public federal lands in the region, including Everglades National
Park (the largest national park east of the Rockies), Biscayne and Dry Tortugas National Parks, Big
Cypress National Preserve, and the Arthur R. Marshall Loxahatchee, Florida Panther, National Key Deer,
and Ten Thousand Islands National Wildlife Refuges. The FWS has responsibilities for threatened and
endangered species and other species of concern under such authorities as the Fish and Wildlife
Coordination Act, the Endangered Species Act, and the Migratory Bird Treaty Act. The DOI also has a
trust responsibility for American Indian reservation communities, including the Seminole and
Miccosukee Indian Tribes. DOI’s partnership role includes support for the Comprehensive Everglades
Restoration Plan (CERP) including interim goals, performance measures, and support for various project
components. Furthermore, it identifies a strategy for ensuring that the scientific information needed by
managers is available at the appropriate time, when decisions are made. The coordination and
prioritization of DOI science needs —based on managers” needs for information to support decision
making — lays an important foundation for identifying gaps in scientific information and the
management needs that must be addressed to achieve and maintain a restored Everglades.

This plan outlines the importance of developing and effectively synthesizing and communicating the best
available science input into the decision making process in managing the DOI lands in South Florida.

The USGS, in consultation with NPS and FWS, have developed a process for prioritizing the science
needs relevant to the restoration and resource management projects identified in this science plan. This
process utilizes a multi-tiered approach to assist in prioritizing critical science information needs. The
prioritized list generated from this process will be the foundation for DOI's annual science funding
strategy. Incorporated into this tiered approach are a number of factors:

o The relevance of the science effort to improving understanding of the ecological and hydrologic
processes affecting DOI lands and resources

e The applicability of the science to multiple DOI restoration objectives or multiple projects
e Synthesis and sequencing to address the most urgent management information needs

e Maximization of cost-share opportunities and science coordination across bureaus or with DOI's
CERP partners

The prioritization process outlined above emphasizes program integration and a primary goal of
coordinating DOI investment in science to achieve economies of scale by effective integration of science
programs from many different jurisdictions, including the private sector. The DOI bureaus are currently
using this prioritization process to prioritize next year budget requests for science. In Addition, the NPS,
FWS, and USGS will continue to proactively seek out partnerships and improve existing ones to
maximize scientific inquiry

This plan strives to ensure that new information resulting from changed or unforeseen circumstances,
new scientific or technical information, or information developed through the principles of adaptive
management will be incorporated into the prioritization of DOI science efforts and land managers’
decision making process. The DOI Science plan clearly identifies questions that managers have for the



restoration process and the underlying scientific questions and information needed to address these
questions. The plan also identifies timelines to get the information to managers when they need it. In
order to answer these questions in a timely fashion, this plan specifically provides for development and
use of improved predictive tools as well as a more comprehensive monitoring effort that will be the basis
for new information that will be provided to the Department and partners” ecosystem restoration as
adaptive management principles are implemented.

Three specific program areas, each with specific projects, are set forth in greater detail in the following
pages. These program areas include (1) projects to improve the quantity, quality, timing and distribution
of water; (2) habitat and species recovery projects; and (3) land and resource management projects.
Implementation of this science plan will ensure that priority science needs are met for each of the projects
identified and that DOI’s science programs support the needs of the land-managing agencies involved in
the South Florida restoration effort.







1. PLAN BACKGROUND AND PURPOSE

The Greater Everglades Ecosystem

The Natural System

The southern Florida peninsula encompasses a mosaic of subtropical habitats connected and sustained by
water. Before European settlement, this region of about 18,000 square miles was dominated by wetlands,
which originated in the Kissimmee River drainage basin and flowed southward, through Lake
Okeechobee and the Everglades, into highly productive estuaries and nearshore coastal waters, including
Biscayne and Florida Bays.

South Florida receives between 40 and 65 inches of rainfall annually, most occurring during the wet
season (June through October). The area is characterized by very low topographic relief. The nearly flat
topography, proximity of thousands of miles of coastline, and high annual rainfall make much of the area
susceptible to flooding.

Historically, water levels and flows in the wetland areas of the Everglades fluctuated seasonally in
response to rainfall and runoff. During heavy rains, all but the tree islands were flooded. During the dry
season, water levels generally were close to the land surface, but during droughts they often fell
substantially below it. Major fires were a natural occurrence during droughts, and they swept over the
land, burning vegetation and peat.

The freshwater marshes were characterized by extremely low levels of nutrients, creating the conditions
conducive to extensive wetland sawgrass prairies —known as “the river of grass.” These wetlands were
punctuated with relatively low “uplands,” which provided forested refuges for migratory species during
times of flooding, as well as habitat for a diversity of year-round communities. In and around the
estuaries, freshwater mingled with salt to create habitats supporting mangroves and nurseries for wading
birds and fish. Beyond, nearshore islands and coral reefs provided shelter for an array of terrestrial and
marine life.

The habitat in South Florida originally supported far-ranging animals, like the Florida panther, and
super-colonies of wading birds, such as herons, egrets, roseate spoonbills, ibis, and wood storks.

Human Alterations to the Natural System

Some early land developers saw the potential for “improving” the Everglades wetlands through
development and agriculture. However, efforts to reclaim the area for development and human
habitation evolved slowly, as the marsh and sloughs were largely impenetrable and uninhabitable.

The conflict of human versus natural elements in South Florida began in earnest in the early 1900s, when
the control of water and the drainage of wetlands were first considered essential for commerce and
human safety. Loss of life due to hurricane-related flooding in the 1920s accelerated flood protection
projects, culminating in the congressional authorization in 1948 of the Central and Southern Florida
(C&SF) Flood Control Project. Over the course of the next 50 years, population growth, urbanization, and
agricultural practices significantly altered the natural system.

Today South Florida encompasses significant remnants of the Everglades, including four national parks,
thirteen national wildlife refuges, and numerous state parks and conservation areas, along with
important urban centers, including Miami, and agricultural areas, including the Everglades Agricultural



Addressing the Unintended Consequences of Growth

Area (EAA). The C&SF Project, which provides for the diverse water-related needs of the region, consists
of more than 1,400 miles of primary canals and more than a hundred water-control structures.

Providing for the diverse water-related needs of this area over many decades has resulted in unintended
consequences for the Greater Everglades. Less than half the original wetland acreage of South Florida
remains. Surface water flow within the Greater Everglades is fragmented and disrupted, changing the
quantity and natural timing of water deliveries and negatively affecting the water quality and natural
areas. Water flows from the Kissimmee River into Lake Okeechobee, and outflows from the lake, are
through manmade canals. In the EAA, water is drained during wet periods and augmented during dry
periods. Many wetlands that historically functioned as natural filters and water-retention areas are either
severely impacted or entirely lost due to drainage changes or development. Compared to historic flows,
canal discharges into Biscayne and Florida Bays are heavier during wet periods and lighter during dry
periods, creating greater salinity fluctuations in the bays and affecting habitats along the gulf coast and
within the reef tract from Key Biscayne to the Dry Tortugas. Additionally, the two bodies of water
between Florida Bay and Biscayne Bay, Card and Barnes Sounds, have been essentially cut off from
natural water deliveries.

The drainage system imposed by canals and other drainage features has impacted groundwater storage
capacity. Aquifers provide municipal water supplies in the region. By 1990 about 872 million gallons of
water per day (94% of it ground water) was being consumed by the nearly 6 million people living in or
visiting the South Florida area. Another 2.7 million gallons per day (divided nearly evenly between
ground water and surface water) was being used for agriculture.

Water quality is degraded in some areas by high levels of nutrients (such as phosphorus and nitrogen),
pesticides, and other contaminants in agricultural and urban runoff. Nutrients and sulfur in major rivers
(such as the Kissimmee and Caloosahatchee) and in canals draining the EAA affect Lake Okeechobee, the
Everglades wetlands, and estuaries. These changes in water quality affect wetland vegetation.
Replacement of the normal diversity of Everglades plants with cattails creates unsuitable habitat for
Everglades animals, including fish and wading birds. Scientists have observed that the wetland area
dominated by cattail is expanding, and if unchecked, could soon affect major portions of the remaining
Everglades.

The evidence that the changes in surface and groundwater flows and water quality have had negative
effects on habitats and organisms includes a 90% reduction in wading bird populations, 69 species on the
federal endangered or threatened list, widespread invasion by exotic species, declines in commercial and
recreational fisheries in Biscayne and Florida Bays, a significant decrease in the number of Everglades
tree islands, the invasion of coastal sawgrass prairies by mangroves and compositional and structural
changes in habitats throughout the region.

Addressing the Unintended Consequences of Growth

Overview of the Restoration Effort

By the 1970s and 80s the imbalance between natural system functioning and the growth of urban,
agricultural, and other human uses had become a focus of decision making in Florida, as well as in
Washington D.C. Since that time, a growing body of state, federal, tribal, and local programs and massive
appropriations have been directed at restoring and protecting the natural environment of South Florida.

During the past two decades the Florida Legislature and the U.S. Congress have enacted a series of laws
to redress environmental harm to the Everglades. Many of these laws provide the authorities under
which the state and the federal governments operate and fund programs that collectively comprise the
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South Florida restoration effort. In 1992 Congress directed the U.S. Army Corps of Engineers (USACE) to
take steps to restore the Kissimmee River floodplain, which was disrupted when the river was
channelized during the 1960s. In 1996 Congress established the intergovernmental South Florida
Ecosystem Restoration Task Force (the Task Force) to coordinate the restoration efforts among the state,
federal, tribal, and local agencies involved in the effort. At that time Congress also directed the USACE to
submit a comprehensive review study of the C&SF Project for the purpose of modifying the project to
restore, preserve, and protect the South Florida ecosystem. In 2000 Congress authorized the
implementation of the $8 billion Comprehensive Everglades Restoration Plan (CERP), which will be
implemented over the next four decades by the federal and state governments. The CERP will modify the
C&SF Project to increase future water supplies for the purpose of restoring the Everglades to a more
natural state, while also providing for other water-related needs in the region.

As public land managers of much of the Everglades, and with program responsibilities for fish and
wildlife and Indian trust responsibilities, DOI plays a key role in the intergovernmental effort to restore
and protect the natural resources located within the South Florida ecosystem. This is a collaborative
effort, in which coordination among many agencies at all levels of government is critical to the successful
restoration of the ecosystem. Within this collaborative work environment, DOI is both a steward, with
specific mandates from Congress, and a partner, working with other agencies to achieve their own
particular mandates in ways that are most advantageous to the ecosystem as a whole.

The Department of the Interior as Steward and Partner

Two DOI bureaus, the U.S. Fish and Wildlife Service (FWS) and the National Park Service (NPS), are
responsible for the resource stewardship and public use of extensive public federal lands in the region,
including Everglades National Park (the largest national park east of the Rockies), Biscayne and Dry
Tortugas National Parks, Big Cypress National Preserve, and the Arthur R. Marshall Loxahatchee,
Florida Panther, National Key Deer, and Ten Thousand Islands National Wildlife Refuges. The FWS has
responsibilities for threatened and endangered species and other species of concern under such
authorities as the Fish and Wildlife Coordination Act, the Endangered Species Act, and the Migratory
Bird Treaty Act. DOI also has a trust responsibility for American Indian communities, including the
Seminole and Miccosukee Indian Tribes.

DOI also chairs the Task Force, which provides a forum for sharing information, coordinating research,
and facilitating the integration of the work efforts of the many agencies involved in ecosystem
restoration. The Task Force has set three overarching goals for South Florida restoration:

1. Get the water right.
2. Restore, preserve, and protect natural habitats and species.

3. Foster compatibility between the built and natural systems.

The CERP is the foundation for Everglades restoration. The overarching goal of the CERP is “the
restoration, preservation and protection of the South Florida ecosystem, while providing for other water-
related needs of the region, such as flood protection and water supply.” Led by the USACE and the South
Florida Water Management District (SFWMD), the CERP is the blueprint for a significant portion of
ecosystem restoration activities in South Florida. The CERP focuses on improving the quantity, timing,
and deliveries of fresh water feeding the system. It also addresses improvements in water quality. These
hydrologic improvements are anticipated to contribute to restoring natural terrestrial, estuarine, and
marine habitats, which will promote the restoration of biological functions.

However, these improvements are insufficient, by themselves, to restore and sustain the ecosystem.
Restoring habitats and biological function will require additional efforts, such as removing invasive
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exotic species and reintroducing and recovering species. Ultimately restoration success will depend on
implementing a reasonable balance between human needs and the needs of the ecosystem. South
Florida’s ‘built environment’ has experienced unprecedented accelerated growth over the past several
years with increasing pressure on natural resources. Much of this developing landscape is sandwiched
between Everglades and Biscayne National Parks. Restoration of the Greater Everglades requires
sustainable compatibility of the built and natural systems; specifically, flood control, water supply and
water quality.

The Role of Science in Ecosystem Restoration

The initiative to restore the South Florida ecosystem is unprecedented in its scope and complexity, and it
will require innovative solutions and long-term commitments. The challenges faced by restoration
managers are daunting: to understand the effects of nearly a century of wetland drainage and
impoundment for water supply, flood protection, and development, and to acquire and utilize the
information needed to restore the health of this unique ecosystem.

The Congress has directed that this complex restoration effort be guided by, and continuously adapted to
reflect, the best science available. This will require an open and continuous dialog between scientists and
managers. Two recent (2003) reviews of science programs — the Critical Ecosystems Study Initiative,
conducted by the National Academy of Science (NAS), and the Science Coordination in South Florida
report, conducted by the General Accounting Office (GAO) —identified the improvement of science
coordination, the synthesis and integration of research data, and the communication of research findings
to managers as high priority tasks for Everglades restoration. This strategy will guide how the
Department of the Interior meets these priority tasks and will be the basis for integrating DOI science
investment into the larger habitat restoration and management efforts.

The USACE has established a multi-agency Restoration Coordination and Verification Team (RECOVER)
to support the implementation of the CERP with scientific and technical information. Science is being
integrated into management of CERP components through an iterative process of research, modeling to
identify targets and goals, project planning, project implementation, monitoring, assessment, and
adaptive management. An ever-increasing body of knowledge and understanding of this complex system
is providing new approaches to restore and protect the Everglades. DOl is a partner in developing and
maintaining this scientific basis in support of RECOVER and the CERP. The science, which must
continue to evolve with the information synthesized into tools that can be used by managers to inform
their decisions. In addition, DOI pursues science to support many non-CERP components of ecosystem
restoration.

Ongoing Interior Science Efforts

In March 2002 the DOI Office of the Secretary, NPS, FWS, and USGS entered into a memorandum of
understanding to coordinate all ongoing and future monitoring, research, planning, and interagency
coordination activities supporting South Florida restoration. This coordination will facilitate the
leveraging of resources and the development and use of the best available research products and
monitoring and assessment tools responsive to the needs of NPS and FWS managers.

ES (CESI) and the USGS Priority Ecosystem Science (PES) program are DOI’s primary science programs
supporting South Florida management and restoration efforts. The USGS, the principal science arm of
DO, provides physical and biological sciences information, independent of the other bureaus. This
science facilitates understanding of how the ecosystem functioned in the past, and assists in developing
management tools, including landscape-scale models, to evaluate the impacts of proposed actions to
restore the Everglades natural system. The purpose of the CESI and PES programs is to provide the
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scientific information DOI managers need to fulfill their resource management and technical advisory
responsibilities and to do a better job of targeting research to meet on-the-ground management needs.
These programs have already provided a rich database of information about how the ecosystem functions
and how the natural system has been altered. Information from the modeling, planning, and monitoring
programs helps DOI managers understand the complex ecological and hydrologic linkages that affect
DOI lands and other managed resources, set management priorities, and effectively participate in
restoration decision processes.

More specifically, the scientific work accomplished over the past decades through CESI, PES, and other
DOI efforts has

contributed to the development of the Natural System Model, which simulates the predrainage
hydrology of the Everglades

clarified linkages between hydrologic conditions and ecosystem attributes

produced tools to predict how the current system might respond to restoration of historic
hydrologic conditions

determined the background levels of nutrients needed to keep Everglades vegetation from
converting to species tolerant of higher nutrient doses, such as cattail

contributed to the understanding of the interactions of the Everglades surficial aquifer system
and the canals, and of problems of seepage and seawater intrusion

DOI managers have focused early science efforts on restoration projects such as the Everglades
Construction Project, the Modified Water Deliveries to Everglades National Park Project, and the C-111
Project, which directly impact DOI lands and are scheduled for completion within the next five years.
Information derived from these early projects will inform larger scale restoration decisions and improve
the design of future CERP projects.

Purposes of the Department of the Interior Science Plan

To support ongoing restoration efforts, DOI and its bureaus developed this science plan to identify the
science needed to support DOI managers in fulfilling their stewardship responsibilities and to support
DOI’s efforts as a partner in implementing the CERP.

DOI science will assist in the intergovernmental effort to answer three overarching restoration questions:

What actions will improve the quantity, timing, and distribution of clean fresh water needed to restore the
South Florida ecosystem?

What actions will restore, protect, and manage natural resources on DOI lands in South Florida?

What actions will recover South Florida’s threatened and endangered species?

Success in addressing these three overarching questions at ecological scales ranging from individual
species and communities, to individual parks and refuges, to the Greater Everglades requires a well-
coordinated, collaborative, and integrated effort among all participating agencies. None of these
questions can be answered independently. Furthermore, each of these questions raises more specific
questions about all the interrelated variables affecting the condition of the ecosystem, including
hydropatterns (the quantity, timing, and distribution of water), water quality, ecological responses of
biological communities and species to changes in water quantity and quality, the role of fire, the effects of
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invasive exotic species, the effects of adjacent land uses on natural areas, and the effects of public use of
parks and refuges.

It is critical that science-based input synthesizing research, modeling, monitoring, and analysis be both
timely and relevant to DOI managers” decision-making information needs. This DOI science plan
identifies the key projects and information needs of DOI managers as they fulfill their roles as stewards
and partners in South Florida. It describes what is known for each project and what science is needed to
help ensure that the project results in intended consequences within the ecosystem. Finally, it identifies a
strategy for coordinating and prioritizing DOI research or activities based on managers’ needs for
information to support decision making. By identifying the specific science needed by managers to make
adequately informed and timely decisions, and by including the methods and tools needed to make this
scientific information readily available to managers, this science plan provides the basis for ensuring that
DOl investment in science is effectively integrated into the effort to restore the South Florida ecosystem.

The timetable for the CERP and other restoration projects is an important framework for ecosystem
research. However, it will not be possible to resolve all scientific uncertainties before restoration projects
are implemented. Managers will rely on an adaptive management approach to ensure that desired results
are achieved through a process of monitoring, assessment, and refinement. This will require continuous
collection of field data and scientific research to clarify an expanding understanding of the Greater
Everglades ecosystem. The external reviews of South Florida ecosystem science coordination conducted
by GAO and NAS identify needs for monitoring progress, additional research on ecological processes,
model refinement, and improved tools for implementing adaptive management, including mathematical
models. This science plan responds to those key findings of the GAO and NAS reviews.

Next Steps — Prioritizing Scientific Research and Synthesizing Results

DOI managers will annually prioritize the science needs identified in this plan based on the need to
inform land or water management decisions for DOI managed lands and resources, the time period for
when scientific input is needed, and/ or the extent to which the scientific needs may be unmet by other
restoration partners. DOl intends to invest resources to synthesize and disseminate scientific results for
managers as part of its responsibilities. The funds supporting the implementation of this science plan will
come partly from the available DOI appropriations, such as the CESI (administered by the NPS) and the
PES program (administered by the USGS). Other funding sources include DOI's CERP partners, the
USACE and the SFWMD. The funding sources will be determined based on the role of each partner in
restoration activities and their responsibility for producing the scientific results of interest.

The timetable for the CERP and other restoration projects is an important framework for ecosystem
research. However, it will not be possible to resolve all scientific uncertainties before restoration projects
are implemented. Managers will rely on an adaptive management approach to ensure that desired results
are achieved through a process of monitoring, assessment, and refinement. This will require continuous
collection of field data and scientific research to clarify an expanding understanding of the South Florida
ecosystem.

Once the data are collected the next step is the synthesis of data into usable information. Currently, the
development and utilization of scientific information generated by the Department’s bureaus occur at
three levels (see figure below). On level one, agency managers identify information needs and pass them
to their agency scientists. In return, scientists synthesize the available information to inform the
managers’ decision-making process. Managers often provide feedback to the scientists during the
reporting of the information, allowing for an exchange in information to better inform and accommodate

10
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changing needs. This level one synthesis requires technical staff who are trained and experienced in
synthesizing science in ways that best support the managers’ needs.

On level two, scientists communicate research findings across agencies. This occurs informally by person-
to-person contact or more formally at local and national meetings on a particular discipline or topic. The
Department’s Science Plan, which synthesizes the science needed to answer the major questions critical to
the management of all of the Department’s trust resources in South Florida, is an example of this level of
synthesis. The plan is being used to gain consensus about the highest priority information gaps across all
the Department’s bureaus and to eliminate duplicative efforts in filling those gaps. Collaborative research
by agencies and universities is another example. The Greater Everglades Ecosystem Restoration (GEER)
conference is a regional meeting that strongly encourages this level of synthesis, with the added
advantage of providing a forum for multidisciplinary exchanges. Other meetings to synthesize
information are being considered for topics including the hydrologic impact on ecology; the role of
ecosystem history in assessing/ predicting historical, current, and future changes in the landscape; the
influence of restoration on contaminants (including sulfur and mercury); and the mining of hydrologic
flow and stage data to differentiate the influences of sea level rise, water management, and major climatic
events on hydrologic dynamics in freshwater flows and coastal interactions.
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Another important aspect of science synthesis is integration of activities that have a common theme. This
integration can take many forms, such as periodic meetings among participants in related activities to
share information about issues, successes, and failures and to coordinate methods and analyses to
advance a collective understanding. A method of information synthesis that is often overlooked by the
scientific community is the distillation of complex research findings into condensed, concise, well-
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illustrated briefing-style publications. The USGS model for such publications is being adopted by other
Department agencies for all new science activities.

In addition to the technical capabilities required at level one, level two synthesis requires protocols and
communication processes to improve the quality of collaboration and information exchange among
scientists.

The third level of synthesis occurs when information collected by various agency and university scientists
is jointly presented with the goal of information exchange and informing a collective group of managers.
The managers discuss the findings, examine management or policy implications, and set a course of
action to incorporate the key insights derived from the scientific information exchange. The Task Force’s
plan to coordinate science and its Avian Ecology Workshops are examples of the third level of synthesis.
In its plan to coordinate science, the Task Force has reviewed strategic science program areas and
identified key gaps for further collaborative action. In the avian workshops, the Task Force assembled a
panel of scientists who developed a synthesis report from numerous scientific presentations for
consideration by the Task Force Working Group. The FWS is directing a substantial new research effort to
fill the information gaps identified by the panel.

In addition to the technical capabilities, protocols, and processes required by levels one and two, level
three synthesis requires collaborative policies and managers skilled in interagency cooperation and
coordinated management.

A key component of the Department’s synthesis activities is the effort to integrate its science into the
CERP. In the authorization for the CERP (WRDA 2000), Congress asked the Corps to develop
programmatic regulations that, among other things, “ensure that new information resulting from
changed or unforeseen circumstances, new scientific or technical information or information that is
developed through the principles of adaptive management contained in the CERP, or future authorized
changes to the CERP are integrated into the Plan.” Effective and informed adaptive management requires
the synthesis of experimental research (understanding how the ecosystem operates), ecosystem
monitoring (observing change), and forecast modeling (predicting change). Much of the earlier research
on the South Florida ecosystem focused on establishing a basic understanding of ecosystem structure,
processes, and functions. In addition, previous and current research on development of ecological,
hydrologic, and chemical models provides a mechanism for synthesizing the data and information into a
better understanding of integrative processes within the ecosystem. Although additional

experimental /empirical research and model development are still needed, with the recent development
of the CERP-related MAP, the opportunity is emerging for greatly improving the synthesis of
experimental, monitoring, and modeling studies to effectively inform restoration planners and decision
makers.

The Department’s management bureaus identified the need for including ecological models in the
evaluation of CERP project alternatives and the critical role that the Department needs to play in the IMC.
Therefore, PES managers are increasing funding for ecological modeling studies and initiating a new
study to implement ecological modeling at the IMC. They also are continuing to evaluate the
Department’s role at the IMC and will likely be stationing additional NPS personnel at the IMC in the
near future.
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2. PRIORITIZATION OF SCIENCE RESOURCE ALLOCATIONS

Prioritizing science needs for ongoing South Florida restoration is integral to the DOI mission as steward
and partner with other federal and state agencies. With the enactment of the CERP it is important not
only that appropriated funds be targeted at the highest priority research, planning, and interagency
coordination needs of the restoration effort, but also that this prioritization be coordinated both within
DOI and with state, federal, and other partners. This coordination leverages resources, maximizes the
value of federal funds, and results in the best available research products and monitoring and assessment
tools responsive to the needs of the NPS, the FWS, and DOI's CERP partners.

Prioritizing the science needed to support South Florida restoration begins by focusing on three key
program areas benefiting DOI’s resources and mission in South Florida:

1. Activities to improve the quantity, timing, and distribution of clean fresh water needed to
restore the South Florida ecosystem

2. Activities to restore, protect, and manage natural resources on DOI lands in South Florida

3. Activities to recover South Florida’s threatened and endangered species

The following chapters briefly describe key projects that support these program areas and summarize the
remaining science needed to plan and adaptively manage these projects. Taken together, the restoration
and resource management projects represent the high priority DOI science information needs critical for
supporting restoration and management of the South Florida ecosystem.

The USGS, in consultation with the NPS and the FWS, is developing a process for prioritizing the science
needs relevant to the restoration and resource management projects identified in this science plan. This
process utilizes a multi-tiered approach to assist in prioritizing critical science information needs. The
prioritized list generated from this process will be the foundation for DOI's annual science funding
strategy. This tiered approach looks at a number of factors:

e The relevance of the science effort to improving understanding of the ecological and hydrologic
processes affecting DOI lands and resources

o The applicability of the science to multiple DOI restoration objectives or multiple projects

e The applicability of the science to the development and refinement of performance measures and
targets used to evaluate and assess restoration success

e Synthesis and sequencing to address the most urgent management information needs

e Maximization of cost-share opportunities and science coordination across bureaus or with DOI's
CERP partners

Using this process, managers and scientists from the NPS, FWS, and USGS will annually review the
benefits of DOI-funded science towards supporting DOI managed lands and resources, and the
sequencing and timing requirements for that science. The NPS/FWS/USGS team will then recommend
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an annual funding strategy and propose how available funds from the NPS CESI and USGS PES
programs should be used to target scientific efforts yielding the greatest benefit related to DOI's
responsibilities in South Florida. This strategy will take into account the ongoing research funded by
other partners and stakeholders to avoid duplication and to maximize the use of other scientific efforts.

The prioritization process outlined above emphasizes a primary goal of achieving economies of scale by
effectively integrating science programs from many different jurisdictions, including the private sector.
The NPS, FWS, and USGS will continue to proactively seek out partnerships and improve existing ones to
maximize scientific inquiry.

Finally, the prioritization process will emphasize coordination in developing annual funding proposals to
implement DOI research, monitoring, and assessment programs supporting South Florida restoration
activities
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3. PROJECTS TO IMPROVE THE QUANTITY, QUALITY, TIMING, AND
DISTRIBUTION OF WATER

Introduction

This chapter addresses DOI interests in individual water projects and the corresponding needs for
scientific and technical information to help ensure that the projects achieve their intended purposes
consistent with the legal mandates assigned to DOI agencies.

Overview of Water Management Activities and Authorities

Projects to increase environmental water supplies and restore more natural surface and groundwater
flows are the core of the South Florida restoration initiative. The changes in the regional hydrology
created by the C&SF Project have resulted in a sharp decline in the natural abundance and diversity of
organisms in the Greater Everglades. Without corrective actions to restore the predrainage hydrology,
natural ecosystem functions cannot be recovered.

Because half of the historical original Everglades has been drained and developed, it will be impossible to
restore the entire ecosystem to predrainage conditions. However, managers and scientists believe that for
the remaining Everglades it will be possible to achieve a healthy and functioning ecosystem that once
again exhibits the essential characteristics of the predrainage system. These characteristics include more
natural hydropatterns, including wet and dry season cycles, natural recession rates, natural surface water
depths and patterns, and in coastal areas, natural salinity and mixing patterns. These characteristics are a
precursor to achieving anticipated ecological benefits, which include improving native flora and fauna,
restoring the presence of key species in historic habitats, and promoting natural patterns of plant
communities ranging from aquatic communities to uplands.

The water engineering projects required for this initiative are coordinated primarily by the USACE and
the SFWMD through the CERP and other project authorities. The water project managers are ultimately
responsible for ensuring that the projects under their jurisdiction are producing the desired ecological
improvements in the Greater Everglades. As a partner with specific authorities for the protection of fish,
wildlife, and parks, DOI works cooperatively with the USACE, the SFWMD, and the Florida DEP to
ensure that the improvements planned to restore a more natural hydrology to South Florida adequately
consider the intended, anticipated, and actual responses within the ecological communities based on the
best possible scientific information and analysis.

Restoring more natural surface and groundwater flows must address four interrelated factors: the
quantity, quality, timing, and distribution of water. More water is not always better. Alternating periods
of flooding and drying were vital to the historical functioning of the Everglades ecosystem. In general, the
CERP and other water management projects include five kinds of engineering components for capturing
and redirecting water to simulate a more natural system:

surface water storage reservoirs and water control structures

aquifer storage and recovery systems

projects to remove barriers to sheetflow

seepage management projects

operational changes in water delivery schedules
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Together these components are planned to recapture much of the 1.7 billion gallons per day of water
currently being discharged via canals into Biscayne and Florida Bays, the Straits of Florida, and the Gulf
of Mexico. This water will be used to restore natural system functioning and to supplement urban and
agricultural water supplies.

A major focus of DOI participation in the water engineering projects is on ensuring that the timing and
distribution of water flows to wetlands, especially in the national parks and federal wildlife refuges,
mimic natural flow patterns and preserve natural wetland functioning. Natural flows are driven by the
seasonal rainfall patterns in the region, and the restoration project components must be designed and
operated to mimic this natural variability. For example, the FWS is assisting the Corps and the South
Florida Water Management District in revising the regulation schedule for Lake Okeechobee. Regulation
of Lake Okeechobee is central to water management in the rest of the C&SF system. This provides an
opportunity to not only improve habitat conditions within the littoral zone of Lake Okeechobee, but also
influences conditions in connected areas, including the St. Lucie and Caloosahatchee estuaries and the
Water Conservation Areas.

Another DOI concern is that the quality of the water used to rehydrate the landscape must be suitable for
natural system functioning. The desired responses by plant and animal communities to the right amounts
of water being available in the right places and at the right times will not occur unless the quality of the
water meets the appropriate water quality standards. The CERP includes a number of construction
projects, primarily reservoirs and stormwater treatment areas, specifically designed to ensure that water
delivered into the Everglades meets appropriate standards. Because phosphorus enrichment was one of
the earliest and most serious water quality issues identified in the Everglades, many of these projects
concentrate on controlling phosphorus in runoff from
urban and agricultural lands. Recognizing the critical
importance of water quality to ecosystem restoration
objectives, the CERP calls for a Comprehensive
Integrated Water Quality Feasibility Study (CIWQFS),
which will outline water quality issues, and a plan for
linking water quality targets to hydrologic targets.

DOl is particularly concerned about the potential
harm to fish and wildlife from contaminants that
might be released as a result of CERP projects. The
rehydration of lands previously used for agriculture,
water stored in underground aquifers, or water
diverted or reclaimed from urban areas may
reintroduce contaminants from the soils. This issue is
not addressed as part of the water quality targets for
CERP projects but must be addressed as part of the stewardship responsibilities of DOL

DOl is also interested in improving fish and wildlife habitat and recreational potential of water storage
reservoirs and other constructed features in ways consistent with the water management functions of the
project features.

DOI collaborates with the USACE and SFWMD on three primary activities:
Ensure that hydrologic performance targets accurately reflect the natural predrainage
hydrology and ecology. The CERP and other restoration projects focus on hydrologic restoration

in natural areas, with the assumption that ecologic restoration will follow. The SFWMD Natural
System Model simulates predrainage Everglades hydrology as a basis for identifying hydrologic
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targets. Ecological responses are inferred based upon conditions observed in the current
ecosystem. As new information is gathered and modeling techniques are improved,
understanding of the predrainage Everglades will increase, and targets and plans will be refined.
Because natural flows are critical to DOI responsibilities in South Florida, participation in the
development, refinement, and calibration of hydrologic models of the predrainage Everglades is
an important component of DOI science plan.

Ensure that hydrologic performance targets protect threatened and endangered species and
promote fish, wildlife, and park values. The CERP is a conceptual plan that is expected to be
refined as science is applied to critical restoration questions and as details of the ecosystem are
better understood. Modeling tools are continuously developed, improved, and used to create
more detailed plans and to predict their impacts.

Each CERP project has or will have a project management plan that describes the general scope of
the project. Based on these scoping plans, more detailed implementation plans, called Project
Implementation Reports (PIRs), are prepared and submitted to Congress for approval. These
reports require compliance with the National Environmental Policy Act (NEPA) and include
consultations required under the Endangered Species Act and the Fish and Wildlife Coordination
Act. As part of each PIR, the USACE identifies the appropriate quantity, timing, and distribution
of water to be dedicated and managed for the natural system. The state will reserve that water for
the natural system under the provisions of state water law.

As PIRs are formulated for individual projects, local models and other techniques are used to
forecast and evaluate possible impacts of the projects and to formulate interim goals. Data from
DOl field studies on the hydrologic requirements of individual species, communities, and
ecosystems are essential to improving the models used to predict the impacts of project
alternatives.

Assess the responses of ecological communities and species as a basis for adaptive
management. Once projects are underway, DOI monitoring will focus on the responses of
ecological communities and species to changes in hydrology and water quality. Such information
will provide the basis for adaptive assessment and management to ensure that water
management projects result in the desired ecological effects. For projects that are not meeting
interim goals, managers can make science-based adaptations and better plan for achieving the
longer term goals.

Overview of Science Support for DOl Managers

South Florida has one of the most extensive hydrologic and ecological data collection and analysis efforts
in the country, with contributions from numerous federal and state agencies, including DOI. The
collected field data support modeling efforts that convert large amounts of technical information into
planning and evaluation tools. These tools directly support project design and adaptive management. In
order to meet the modeling challenges of the CERP, DOI should be an active and important participant in
the Interagency Modeling Center (IMC), which was established to provide an environment to conduct
work in an open and collaborative technical environment.

Hydrologic Research and Modeling

Regional “landscape-scale” hydrologic models are guiding the early CERP projects. Landscape-scale
modeling helps managers understand and plan for how multiple projects will interrelate across broad
geographic areas under multiple jurisdictions. The Natural System Model (NSM) is the most widely
applied quantitative hydrologic model to date. It provides regional scale estimates of South Florida’s
predrainage hydrology.
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While the NSM provides a picture of the historic, predrainage Everglades, the South Florida Water
Management Model (2 x 2 Model) provides a picture of how the regional water management system
works. At a scale of 2 square miles, this landscape-scale model simulates regional predictions of the
hydrologic conditions that would occur given changes in water management in South Florida. The 2 x 2
Model has been used for nearly two decades to evaluate the consequences of modifications to the C&SF
Project. The acquisition of the basic data needed to support the model (evaporation, rainfall, geology,
vegetation, water levels, topography, etc.) has been a priority for many years, and the model is
“complete,” although it is continuously updated. Groundwater flows have been added to improve some
simulations of hydrologic conditions, but all the subsurface simulations end at the mainland shoreline
rather than extending to the continental margin. The NSM Model is derived from the 2 x 2 Model and is
continuously updated with that model to ensure that the inputs to each are the same.

A next generation hydrologic model that uses higher resolution in key areas, known as the South Florida
Regional Simulation Model (RSM), is being developed by the SFWMD. Two higher resolution (500 x 500
meters) hydrologic models, known as the TIME and SICS, are available for the southern Everglades and
are being used to predict salinity in the coastal wetlands. Additional models, particularly at local levels,
and linkages among models are needed for the detailed design and adaptive management of individual
projects.

Changes in the hydrology of the South Florida ecosystem will ultimately cause changes in downstream
estuaries and embayments. Because hydrologic models used to design the CERP do not accurately
represent groundwater and surface water flow without uncertainties, surface water and groundwater
inputs into coastal estuaries such as Florida and Biscayne Bays, many questions remain regarding the link
between changes in water management and the salinity and water quality in these estuaries. The Florida
Bay Interagency Science Program is integrating the research, modeling, and monitoring projects needed
to understand how the bay currently functions and how it will function in the future as part of the South
Florida ecosystem. DOI interests in projects affecting Florida Bay and Biscayne Bay are addressed for
each individual project.

Ecological Research and Modeling

The natural vegetation of the Everglades is a mosaic of dozens of different community types, each with
its own hydrologic and nutrient requirements, many of which fluctuate widely over the course of a year.
And just as vegetation patterns can be influenced by the presence or absence of water, vegetation patterns
can also influence hydropatterns, thus affecting water flow and/or the transport of nutrients.

Computer models are used to project and evaluate how vegetation and wildlife in the South Florida
ecosystem will respond to changes in hydrology and land use. These models combine detailed spatial
information about elevation and current vegetation patterns with landscape-scale models of hydrology
and include assumptions about ecological processes, such as nutrient transport and vegetative
succession. It is important that the scale of models applied for ecological restoration match the scale of the
problem being addressed.

During the development of the CERP, a set of ecological models were used to predict ecological
responses to various water management scenarios in the Everglades ecosystem. These models were
driven by the 2 x 2 Model and the higher resolution hydrologic models developed for the southern
Everglades. New models are being developed that will output hydrologic data in different forms, which
will enhance the compatibility between the hydrologic and the ecological models. While not yet as
mature as the hydrologic models, the ecological models are useful for projecting the effects of hydrologic
change on biotic communities and certain endangered species.
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Three general kinds of ecological models are used to predict the ecological effects of the various CERP
projects: Models of vegetative production, habitat suitability index (HSI) models, and faunal
demographic models. HSI models produce maps indicating the spatial pattern of habitat suitability for
particular species. Demographic models project how population size may change through time as a
function of the changing environment. Such models are essential for performing population viability
analyses to determine the risk of extinction.

As individual projects are designed and implemented, they will be based on the most up-to-date
scientific knowledge currently available. As models are improved and additional models are developed,
projects will be adaptively managed to increase the potential for restoration success.

Water Quality Research and Modeling

Degradation of water quality is pervasive throughout the Greater Everglades, particularly in agricultural
and urban coastal areas. The past 20 years have seen extensive field and laboratory investigations used to
determine the phosphorus standard that would protect the natural ecological conditions within the
Everglades. These investigations are summarized in the SFWMD Consolidated Reports. The Environmental
Protection Agency (EPA) and the USGS have worked on many other aspects of contaminants in the
Everglades, and the EPA has summarized the available knowledge about water quality parameters such
as mercury, nitrogen, and pesticides. In addition to the water quality study included in the CERP, which
focuses on restoration targets for nutrients and bacteria, DOI is pursuing a science program to support
the assessment and management of contaminants that could be introduced into the system as an indirect
effect of water engineering projects.

Monitoring and Adaptive Management

WRDA 2000 authorizes the USACE to adaptively manage the ongoing CERP program to continuously
incorporate new scientific and technical information into projects. This adaptive assessment and
monitoring program will be used to refine and improve the design and operation of CERP projects and to
determine whether the CERP is achieving its overarching objective of recovering healthy and sustainable
ecosystems in South Florida. The adaptive management
program is being carried out by “RECOVER,” which is
an interagency team of scientists and technical staff
being led jointly by the USACE and the SFWMD. DOI
scientists and technical staff serve on the RECOVER
leadership group and co-chair some of the RECOVER
subteams.

A RECOVER Adaptive Assessment Team (AAT) has
developed a systemwide Monitoring and Assessment Plan
(MAP), which establishes a framework for (1) measuring
and understanding systemwide responses to CERP projects, (2) determining how well the CERP is
meeting its goals and objectives, and (3) identifying opportunities for improving the performance of the
CERP where needed. The MAP will provide a single, integrated plan for participating agencies, including
DO, to measure systemwide responses and the performance of the CERP.

Two key assumptions have been made that will be critical to the success of MAP implementation: (1)
Existing monitoring will continue with existing funding sources (i.e., the MAP does not replace other
agency efforts). (2) Partnering agencies will contribute funding and/or will participate in implementation
of the MAP.

The MAP addresses only responses expected from implementation of CERP projects and does not include
all of the components necessary to achieve long-term restoration of the South Florida ecosystem.
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Examples of ongoing monitoring activities that are independent of the MAP include weather and water
stage monitoring stations (USGS), salinity monitoring networks in Everglades and Biscayne Bay National
Parks (NPS), and the American alligator survey network (CESI).

Organization of Water Projects
The remainder of this chapter discusses 21 projects designed to improve the quantity, quality, timing, and
distribution of water flows in the region. The project-specific science needs are identified for each project.
The projects are organized into the following six subdivisions:

Kissimmee-Okeechobee Watershed and the Everglades Agricultural Area

Upper East Coast

Loxahatchee

Water Preserve Areas and Seepage Management along the Marsh/Urban Interface

Lower West Coast

Everglades National Park, Biscayne Bay, and Florida Bay and Keys

In addition, a summary of the “Landscape-Scale Science Needed to Support Multiple CERP Projects” is
provided at the end of this chapter. This science includes

Landscape-Scale Modeling

Comprehensive Integrated Water Quality Feasibility Study

Studies to Support Fish and Wildlife Friendly Siting and Operation of Reservoirs, STAs, and ASR
Structures

Risks to Fish and Wildlife from Contaminants

Landscape-Scale Monitoring and Assessment
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Kissimmee-Okeechobee Watershed and the Everglades Agricultural Area

Kissimmee-Okeechobee Watershed and the Everglades Agricultural Area

PROJECTS
- 1
’ 1. Kissimmee-Okeechobee Watershed Projects:
b Kissimmee River Restoration and Lake
Okeechobee Watershed
2a 2b 2. Aquifer Storage and Recovery
3 3. Everglades Agricultural Area Reservoirs

Overview

Historically, Lake Okeechobee served as the primary regulator of flows into the Everglades. Rainwater
from the Kissimmee Valley flowed south to Lake Okeechobee. The lake would periodically overflow its
banks, and water would continue its slow journey southward through a 60-mile-wide shallow river
flowing over the flat and level grasslands of the Everglades.

The Kissimmee-Okeechobee watershed projects (#1 on the map) are proposed to restore natural flows
and storage in the Kissimmee basin and to improve riverine and wetland habitats throughout the region.
The CERP water storage projects around Lake Okeechobee (#2 and #3) are intended to provide the water
management capability to restore a more natural hydrology to Lake Okeechobee and to release water in
more natural patterns into the downstream Everglades.

The major DOI interests in these projects fall into three broad categories: the effects on habitats and
species within the Kissimmee-Okeechobee watershed, the quality of the water captured for release into
the downstream Everglades, and the timing of releases of stored water into the downstream Everglades.

The Kissimmee-Okeechobee watershed supports a great number of federally protected species, including
many wide-ranging species such as the Florida panther, wood stork, bald eagle, and West Indian
manatee. DOI is concerned about the loss of habitat that will result from the construction and operation
of the large reservoirs (four included in the Lake Okeechobee Watershed Project, three in the Aquifer
Storage and Recovery Pilot Project, and three in the Everglades Agricultural Area Reservoirs Project).
Many of the project areas have important fish and wildlife habitats, including increasingly rare upland
forest and prairie habitats and natural wetlands. In an effort to minimize impacts to these lands while
planning for and constructing these facilities, the FWS has developed a GIS-based tool to incorporate data
on rare habitats, biodiversity, and threatened and endangered species for the Lake Okeechobee
Watershed Project. This GIS tool will be refined and used to consider fish and wildlife values when
selecting sites for all the large storage reservoirs.
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Additional studies of population distributions and abundance will fill gaps in the databases for federally
protected species, along with research and monitoring to anticipate and track species’ responses to
habitat changes. Landscape-scale restoration in the Lake Okeechobee watershed will require decisions
that balance the needs of one species or trophic level with another or that maximize biodiversity within
the system. For example, the restoration of wetland habitat, while expected to benefit many communities
and species, must be achieved in a way that minimizes the risk to threatened and endangered species,
including Audubon’s crested caracara and the Florida grasshopper sparrow, that have adapted to the
drier conditions created by the C&SF Project drainage canals.

The timing and distribution of water deliveries from these water storage projects into the natural areas in
the Kissimmee-Okeechobee watershed and also into the downstream Everglades is critical to the recovery
of habitats and species. DOI needs to assist the USACE in developing rainfall-driven operating protocols
that will mimic the natural timing and distribution of water to natural areas throughout the ecosystem.

The quality of the water captured in these storage projects could be affected by contaminated soils, in
areas where former agricultural lands will be flooded to create reservoirs, and by unnatural levels of
metals and other contaminants leached from geologic formations, where in-ground wells will be used to
store water.

DOI managers can most effectively participate in CERP projects during three project stages: (1) NEPA
scoping in the early stages of project design, to help ensure that hydrologic targets accurately reflect the
natural predrainage conditions, (2) review of project alternatives, to ensure that fish and wildlife and
parks are adequately considered in compliance with DOI mandates, and (3) monitoring and assessment
of project results, to support project modification if needed to ensure that the intended conditions are
achieved. The major questions that DOI managers need to answer at each stage to effectively fulfill their
responsibilities as partner and steward are summarized below, along with the highest priority science
needs for answering those questions. This information is discussed in greater detail for each individual
project following this summary.
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SUMMARY OF DOI RESPONSIBILITIES AND SCIENCE NEEDS RELATED TO WATER PROJECTS IN THE
KISSIMMEE-OKEECHOBEE WATERSHED AND THE EVERGLADES AGRICULTURAL AREA

Major DOI
Responsibilities
and Interests

Major Unanswered Questions

Needed Science Timeline

Help ensure that
hydrologic
performance targets
accurately reflect the
natural predrainage
hydrology and
ecology (DOI CERP
partnership
responsibility)

Help ensure that
hydrologic
performance targets
protect threatened
and endangered
species and promote
fish, wildlife, and
park values
(consultations on
project design
related to DOI
stewardship
responsibilities)

Lake Okeechobee, Lake Okeechobee Watershed and Kissimmee River Restoration

What operating protocols for these projects
will mimic the natural predrainage
hydrology in the Kissimmee-Okeechobee
Watershed?

Will recovered ASR waters be of adequate
quality to discharge into natural areas?

What hydrologic targets will mimic historic
flows (including water depths, timing, and
distribution) and water quality in the water
conservation areas and Everglades
National Park?

What operating protocols for releases of
reservoir waters will mimic the natural
predrainage hydrology in the Everglades?

What water quality hazards are associated
with storing water on former agricultural
lands, and how can they be avoided?

Research and possible model NEPA Scoping
refinement to establish Lake Okeechobee Watershed
operating protocols Completed

Kissimmee River Restoration

Aquifer Storage and Recovery
Water quality studies NEPA Scoping
ASR Pilot Projects
Completed
Pilot Project Design Report (PPDR)
Complete
ASR Projects
Currently scheduled to start directly
following completion of the pilots in

November 2009
EAA Reservoirs
Research and modeling to NEPA Scoping
refine hydrologic targets, Phase 1: 2001
including targets for water Phase 2TBD

quality

Research and possible model
refinement to establish
operating protocols

Environmental risk assessments
of water quality contaminants

Lake Okeechobee , Lake Okeechobee Watershed and Kissimmee River

Where should treatment wetlands and
reservoirs be sited to minimize negative
impacts on flora and fauna in the basin and
where possible to provide additional habitat
benefits?

What are the potential benefits and
adverse effects of the water treatment
facilities and aboveground water storage
reservoirs on watershed resources?

What factors contribute to fish mortality at
intake structures? What intake
configurations will best reduce the potential
for impacting aquatic organisms?

What are the tolerances of plants and
animals to the ranges of water quality likely
to result from ASR?

Studies of
threatened/endangered species
population distributions and
abundance.

EIS Review, Section 7 Consultation, and
CAR
Lake Okeechobee Watershed
Draft CAR: Feb 2006
Draft PIR/EIS May 2006
Final CAR: Jan 2007
Final PIR/EIS: April 2007
Kissimmee River Restoration
Final CAR: 1992

GIS mapping of habitat

Research to evaluate effects on
dry prairie species

Research and modeling to
evaluate effects on Everglade
snail kites

Aquifer Storage and Recovery

Studies of the effects of intake
pumps and control structures

EIS Review, Section 7 Consultation, and
CAR
ASR Pilot Projects
Draft: June 2004
Final: November 2004
ASR Projects
Currently scheduled to start directly
following completion of the pilots in
November 2009

Research to understand the
tolerance of plants and animals
to changes in water quality
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SUMMARY OF DOI RESPONSIBILITIES AND SCIENCE NEEDS RELATED TO WATER PROJECTS IN THE
KISSIMMEE-OKEECHOBEE WATERSHED AND THE EVERGLADES AGRICULTURAL AREA

Major DOI
Responsibilities
and Interests

Major Unanswered Questions

Needed Science

Timeline

Assess the
responses of
ecological
communities and
species as a basis
for adaptive
management
(continuation of DOI
responsibilities
outlined above)

Are there design and operational
improvements that could enhance the
ecological value of the reservoirs without
reducing the intended purpose?

EAA Reservoirs

Research to support design and

operational rules to enhance
fish and wildlife resources

EIS Review, Section 7 Consultation, and

CAR
Phase 1
Draft: October 2005
Final: December 2005
Phase 2: TBD

Lake Okeechobee, Lake Okeechobee Watershed and Kissimmee River Restoration

What are the project effects on Audubon’s
crested caracara, Florida grasshopper
sparrow, and Everglade snail kite? (Lake
Okeechobee Regulation Schedule review
is included with CERP and other C&SF
Projects.)

What are the project effects on fish and
wildlife in target ASR locations?

What are the effects of water recovered
from ASR projects on fish and wildlife in
downstream wetlands and estuaries?

Does the Upper Floridan contribute to
subsurface flows into Biscayne and Florida
Bays?

How will the Implementation of ASR in
CERP affect the water quality,
geohydrology and/or ecology in Biscayne
or Florida Bay?

What are the effects of the reservoirs on
fish and wildlife values?

What are the effects of water recovered
from EAA reservoirs on fish and wildlife in
downstream wetlands and estuaries?

Monitoring and assessment to
determine species responses to
habitat changes:

. Audubon’s crested
caracara

. Florida grasshopper
sparrow

. Everglade snail kite(and
its prey, Florida apple
snail)

Aquifer Storage and Recovery

Baseline studies and monitoring
at ASR locations

Baseline studies and monitoring
in downstream wetlands

Geological description of the
Floridan aquifer under
peninsular Florida, the
continental margin, and
Biscayne and Florida Bays.

Research and modeling to
determine the effects to the
ecology of Biscayne or Florida
Bay.

EAA Reservoirs

Monitoring and assessment to
determine the effects of the
reservoirs on the natural system
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Post-implementation monitoring and
assessment

For proposed revision to Lake Okeechobee
Regulation Schedule, monitoring of apple
snail abundance in the lake’s littoral zone

must start in FY 06 and continue
indefinitely.

Post-implementation monitoring and
assessment

Post-implementation monitoring and
assessment
Part 1,Phase 1Completion:
Dec 2009

Part 1,phase 2
Complete 2015

Part 2 Completion:
2020



Kissimmee-Okeechobee Watershed and the Everglades Agricultural Area

Kissimmee-Okeechobee Watershed Projects

Lake Okeechobee Watershed Project Project Purpose and Major DOI Interest

- Watershed Basins - <7 The Kissimmee-Okeechobee watershed

' et S originates in the Kissimmee Chain of Lakes near
w 1 Orlando and terminates where the Kissimmee

i River enters Lake Okeechobee. The watershed
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R =t n i oY County provides both upland and wetland habitats for
§ b l"z;f : more than 30 federally listed species.
\ ¢ (o NI | o S i, - R e
\*Hl i ; _ Two restoration projects, with separate
S Y AEEEATIS b m"i, . County authorizations, within this watershed are of
B particular interest to DOI: the Kissimmee River
TSl Okeefiobe T Restoration Project, which predates the CERP,
i . [.‘f ; am v and the CERP Lake Okeechobee Watershed
s 44 A Project.

The purpose of the Kissimmee River Restoration
Project is to restore 40 square miles of native river and floodplain habitat. Seven miles of the river have
been restored, and this project has a priority to be completed as soon as possible.

The CERP Lake Okeechobee Watershed Project includes four separable elements! that were combined to
address the interdependencies and tradeoffs between the different components. The purposes of this
project are to improve the water quality of Lake Okeechobee, provide for better management of lake
water levels, and reduce damaging releases to the estuaries. Water from the watershed and the lake will
be captured during wet periods for later use during dry periods. Aboveground reservoirs will increase
the storage capacity and reduce the duration and frequency of both high and low water levels in the lake
(which are stressful to its littoral zone ecosystems) and reduce large discharges from the lake (which are
damaging to the downstream estuarine ecosystems). Water from upstream tributaries will be diverted to
STAs to reduce nutrient loading into the lake. In addition, the project will restore the hydrology of
isolated wetlands by plugging the connections to drainage ditches and diverting canal flows to adjacent
wetlands.

The Kissimmee River Restoration and the Lake Okeechobee Watershed Projects have the potential to
significantly affect threatened and endangered species habitat in the Kissimmee-Okeechobee watershed.
Dry prairie is one of the characteristic communities in the Kissimmee-Okeechobee watershed that
supports the endangered Florida grasshopper sparrow and the threatened Audubon’s crested caracara. It
is also one of Florida’s most endangered upland ecological communities. DOI is concerned about the
timing and distribution of water deliveries and how they will affect habitats and species. DOl is also
concerned that the construction of the Lake Okeechobee Watershed Project will convert 54 square miles
of mostly upland agricultural lands that support Audubon’s crested caracaras and Florida grasshopper
sparrows into water treatment facilities and aboveground water storage reservoirs. Large reservoirs and
treatment wetlands will effectively eliminate the fish and wildlife habitat values of the sites selected for
these facilities. They need to be sited in locations that avoid harm to federally protected species and
designed to potentially provide additional habitat benefits wherever possible.

1 These four projects are the North of Lake Okeechobee Storage Reservoir, the Taylor Creek/Nubbin Slough Storage and Treatment
Area, the Lake Okeechobee Watershed Water Quality Treatment Facilities, and Lake Okeechobee Tributary Sediment Dredging.
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Also, the Kissimmee Chain of Lakes is one of the main wetlands supporting the endangered Everglade
snail kite, particularly during times of drought in South Florida. The Kissimmee Chain of Lakes has been
plagued by human-caused nutrient enrichment, proliferation of exotic and nuisance aquatic plants, and
static lake levels under the present water management system. Current management techniques to
maintain shoreline habitat include extreme lake drawdowns, aggressive herbicide programs, and muck
removal. Extreme drawdowns have been shown to severely reduce the amount of prey (apple snails)
available for snail kites. Extreme drawdowns, coupled with post-drawdown herbicide treatments, create
shoreline vegetation communities that are less likely to support snail kite nesting and foraging.

What Is Known

Only 16% of remaining dry prairie habitat in Florida is in conservation lands. The majority of loss of dry
prairie habitat in this watershed has resulted from conversion to agricultural lands. According to the
Central Florida Planning Council, counties within the watershed are likely to experience population
growth rates above the South Florida average, making additional impacts on dry prairie habitats likely. If
appropriately managed, existing agricultural lands, such as improved pasture, unimproved pasture, and
rangeland may provide suitable habitat for Florida grasshopper sparrows and Audubon’s crested
caracaras.

The heart of the Audubon’s crested caracara species distribution falls within the Kissimmee-Okeechobee
watershed; however knowledge of the current distribution of Audubon’s crested caracaras in this area is
incomplete.

Six populations of Florida grasshopper sparrows are found on four tracts of land, one of which is in
private ownership, all within the Kissimmee-Okeechobee watershed. Maintenance of the hydrologic and
ecologic regime of dry prairies is required for Florida grasshopper sparrow feeding and breeding. With
appropriate management, existing protected dry prairie lands can support existing populations of
endangered Florida grasshopper sparrows. Recovery of the species will require restoring additional
habitat to allow the species to occupy its historic range and increase its population size.

What Is Needed

Studies of threatened/endangered species population distributions and abundance. DOI needs better
information on the distributions and abundance of Audubon’s crested caracara, Florida grasshopper
sparrow, and Everglade snail kite in the Kissimmee-Okeechobee watershed to make recommendations to
the USACE regarding site selections and designs for the Lake Okeechobee Watershed Project. Once
current distribution and habitat use have been characterized, restoration alternatives can be evaluated to
minimize their impacts on these species’ habitats and to maximize the enhancement of potential future
habitats.

GIS mapping of habitat. In an effort to minimize impacts to the existing habitat where large reservoirs
and treatment wetlands, that are part of the CERP, are being constructed, the FWS is refining a GIS-based
tool to incorporate data on rare habitats, biodiversity, and threatened and endangered species for the
Lake Okeechobee Watershed Project. This project will provide the data needed to maximize potential
habitat improvements and minimize the negative impacts in the planning and construction of these
management features.

Research and possible model refinement to establish operating protocols. DOI needs to provide
recommendations to the USACE regarding the design and operation of water storage and treatment
facilities to ensure that they do not have impacts on existing fish and wildlife and to maximize potential
habitat benefits for species in the area. These recommendations need to be developed on a timeline that
will allow input into alternative selection for each component of the project based on the most current
knowledge available to support protection of fish and wildlife values.
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Research to evaluate effects on dry prairie species. Research into the effects of alternative water
management scenarios is necessary to define the best management for dry prairie species.

Research and modeling to evaluate effects on Everglade snail kites. Additional research and
information is needed to support development of water regulation schedules in the Kissimmee Chain of
Lakes and Lake Okeechobee that maintain and improve Everglade snail kite prey availability, nesting
habitat, and foraging habitat in these regions (see "Avian Species Recovery," page). Detailed information
about the effects of various drawdown scenarios on apple snail abundance, distribution, and recovery
will allow the development of operating protocols to foster healthy apple snail populations, which are
critical to Everglade snail kite recovery. Research will evaluate the effects of extreme drawdowns on snail
kite foraging efficiency. A model will be developed to evaluate the cumulative effects on kite habitat due
to lake drawdowns in the Kissimmee Chain of Lakes and other CERP projects. This information will also
be applicable to an evaluation of potential effects on the population on a wider regional scale.

Monitoring and assessment to determine species responses to habitat changes. Information about the
impacts of habitat changes on Audubon’s crested caracara, Florida grasshopper sparrows, and Everglade
snail kites will assist DOI in providing input into the adaptive management phases of these projects.

Aquifer Storage and Recovery Pilots and Regional Study

Project Purpose and Major DOI Interest

Aquifer storage and recovery (ASR) involves the construction of underground storage wells, often as
companions to reservoirs or other surface water bodies, to provide additional water storage capability.
Water is stored in a suitable aquifer during times when water is available and recovered from the well
during times when it is needed. The CERP proposes to use ASR at an unprecedented scale to temporarily
store up to 1.6 billion gallons of treated freshwater per day in the underlying brackish Floridan aquifer
system. The storage from regional ASR implementation is expected to help reduce the degree and
frequency of damaging high and low water stages on Lake Okeechobee and high and low water flow
events in downstream estuaries and wetlands. ASR is also expected to support agricultural and other
consumptive water supply needs. The advantages of ASR wells over traditional surface water storage
systems include less need to remove land from current uses (such as agriculture), reduced land
acquisition costs, reduced evaporation losses, the possibility of locating ASR wells in areas of greatest
need (thereby reducing water distribution costs), and the potential to recover large volumes of water
during severe droughts. About 330 ASR wells have been proposed, each with an assumed capacity of 5
million gallons per day during recharge or recovery. These wells will store water approximately 1,000
feet underground in a brackish aquifer.

Three ASR pilot projects will be located near Lake Okeechobee, adjacent to the Hillsboro Canal, and near
the Caloosahatchee River. These projects will identify the most suitable sites for ASR wells in the
vicinities of these surface water bodies and the optimum configurations of those wells. The pilot projects
will provide information regarding the characteristics of the aquifer system within the proposed basins,
including the hydrogeological and geotechnical characteristics of the aquifer. By addressing technical
uncertainties about many aspects of well construction and operation, the pilot projects will provide the
information needed to properly design the rest of these facilities.

An ASR Regional Study will address regional issues that are beyond the scope of the ASR Pilot Projects,

including potential effects of the full-scale CERP ASR Program on the environment and on economically
disadvantaged communities and existing users of the Floridan aquifer system.
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The results from the ASR Pilot Projects and the ASR Regional Study will be utilized to determine the
feasibility of large-scale ASR and its potential effects on water levels, water quality within the aquifer,
surface water quality, biota, and ecosystem processes.

ASR has the potential to affect ecosystem processes and fish and both positively and negatively wildlife
habitats, largely depending on the quality of the recovered water. Another concern is the effect of intake
structures on aquatic organisms at
the intake sites. High numbers of
operating ASR wells will pump
significant volumes of water,
which may contain concentrations
of aquatic organisms including
larval, juvenile, and adult fish.
Fish mortality caused by ASR
intakes may reduce recreational
stocks.

E ]
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aw Water Storage

A successful ASR program will
benefit fish and wildlife resources
by providing a significant part of

Treaed Water : o
Storage i the additional water supply

needed to achieve CERP

restoration goals and other
benefits. DOl is particularly concerned that careful attention to the lessons learned in the pilots and
regional ASR studies be applied to minimize the potential for direct, indirect and/or cumulative effects
on managed resources through habitat modifications and/or contaminant introduction.

The ultimate success of the ASR program will require understanding which geological environments are
capable of serving as storage zones while minimizing the potential for adversely affecting the physical
and chemical properties (temperature, pH, metals, and radionuclides) of the stored water. The efficacy of
ASR at the scale proposed needs to be verified. If the initial assumptions concerning the application of
ASR prove to be inaccurate, understanding the relationships between the geological, chemical, and
biological processes will be critical to understanding the potential tradeoffs among benefits or impacts to
the natural system, and/or to determining the extent to which ASR will be used and what, if any, other
water storage contingencies will be necessary. Much information will be garnered from the proposed
pilot studies, although individual well characteristics may be highly site specific.

Given the current uncertainty of the projected 70% recovery rates from 330 proposed wells, storage
contingency planning is being undertaken by the federal and state partners to evaluate alternatives to
replace any realized deficits in storage capacities that are essential to the success of the CERP.

What Is Known

Of the three major aquifer systems underlying the Everglades area (the surficial, intermediate, and Floridan
systems), the upper 250 feet of the surficial aquifer system, which includes the highly permeable Biscayne
aquifer, is the principal source of freshwater for the more than 6 million people in southeastern Florida.

The intermediate aquifer system, which underlies the shallow surficial aquifer, is a source of freshwater
mostly along the gulf coast. The Floridan aquifer, which is the principal source of fresh ground water in
many parts of Florida, is the deepest aquifer in the region; however, south of Lake Okeechobee, water in
the Floridan aquifer is too mineralized for most uses. Subtle changes in land elevation or slight rises in
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sea level can increase the potential for coastal flooding and also can reverse the hydraulic head and allow
saltwater intrusion into aquifers.

The physiography and hydrology of the intermediate aquifer system (upper Floridan) and its confining
units are partially described for the area under the Florida mainland. However, as this formation extends
out under the continental margin, the physiographic and hydrologic descriptions decreases dramatically.
The area of discharge for this aquifer, if there is one, is poorly understood but presumed to be located in
the deeper regions of the western Straits of Florida, or possibly further east.

ASR water storage technology has been used by drinking water suppliers in the United States since 1969.
A recent USGS report indicates that 22 active ASR wells utilize the targeted Upper Floridan aquifer in the
CERP study area. The aquiferis mm——rro—.—... .../ /-
brackish to saline in southern
Florida, which can greatly affect
the recovery of stored
freshwater. The success of
storage and recovery depends
on maintenance of a
“freshwater bubble” in this
saline environment. Many site-
specific factors may affect the
integrity of this bubble,
including ambient salinity and
structural features that may
allow the freshwater to migrate.

STORAGE
WELL

While most of the few large-
capacity, large-diameter
(greater than 20-inch) ASR wells
in southern Florida are operated at rates of 1 to 2 million gallons per day (mg/d), the CERP-proposed 5
mg/d recharge and production rates per well remain unverified. CERP assumes a recovery efficiency of
70% of the injected volume. The USGS reports highly varying rates of recovery ranging from as low as 2%
to as high as 84 %, with ten sites achieving a recovery efficiency above 30% during at least one cycle.
Recovery rates of 4 to 5 mg/d achieved during recent ASR cycle testing at the Miami-Dade West Well
Field, however, offer evidence that the desired recharge rates are possible.

What Is Needed

Water quality studies. The areas of study related to ASR include the specific water quality characteristics
of waters to be injected, the water quality characteristics of water recovered, and the water quality
characteristics of water within the receiving surface and ground waters.

Hydrogeologic studies. Knowledge of the hydrologic framework and hydrology of the intermediate
aquifer system (upper Floridan) and its confining units needs to be improved with further geotechnical
and hydrologic studies in areas underlying the Florida mainland and especially between the internal
greater Everglades, Biscayne Bay and Florida Bay. In addition, descriptions of the physiography and
hydrology of the Floridan aquifer needs to be developed for areas that extend out under the continental
margin and into the Biscayne Bay. If any discharge areas are identified additional research and modeling
will be needed to determine effects on the ecology in Biscayne or Florida Bay as ASR is implemented.
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Research to understand the tolerance of plants and animals to changes in water quality. Understanding
the tolerances of plants and animals to the ranges of water quality conditions likely to result from ASR
operation will be critical to minimizing the potential for unanticipated adverse impacts on fish and
wildlife resources. The ASR Regional Study incorporates a myriad of proposed studies that include
geotechnical, microbiological, water quality, biological, and ecological elements. They will investigate,
among other things, the potential environmental effects of recovered waters, by testing their toxicological
properties and exposure pathways. The pilot projects will afford the opportunity to perform some of
these studies during the two years of proposed cycle testing. If the pilot projects do not produce the
anticipated results, additional data will be needed to support analysis of alternatives.

Baseline analysis and monitoring in downstream wetlands. DOI needs to support baseline analyses and
continued monitoring to ensure that the waters from these facilities are of appropriate quality and thus
do not pose any threat to fish and wildlife resources.

Baseline studies and monitoring at ASR locations. An ecological characterization baseline study will
establish biotic community conditions in the vicinity of proposed ASR well concentrations. The proposed
five-year duration of this baseline study should incorporate sufficient natural variability to enable
monitoring and adaptive management during full ASR operations in the future. This information will
help improve site selection and facility design in targeted ASR locations.

Studies of the effects of intake pumps and control structures. In order to reduce impacts to fish species
in the region, studies will identify better designs for intake pumps and control structures that will
minimize impingement (trapping organisms against intake screens) and entrainment (passage of
organisms through a pump) of aquatic organisms at intake sites.

Everglades Agricultural Area Reservoirs

Project Purpose and Major DOI Interest

The purposes of this project are to reduce damaging flood releases from the Everglades Agricultural Area
(EAA) to the water conservation areas, to reduce Lake Okeechobee regulatory releases to the estuaries, to
meet supplemental agricultural irrigation demands, and to increase flood protection within the
Everglades Agricultural Area.

The EAA, located between Lake Okeechobee and the water conservation areas, encompasses an area
totaling approximately 718,400 acres (1,122 square miles) of highly productive organic peat or muck soils,
making it one of Florida’s most important agricultural regions. Approximately 77% of the EAA is in
agricultural production for crops including sugar cane, vegetables, sod, rice, and citrus. Flooded and
cultivated agricultural fields attract foraging birds, including wading birds. The southern rim of the EAA
(the Holey Land, Rotenberg, and Browns Farm tracts) contains wildlife management areas that support
populations of wading birds, deer, wild hogs, and waterfowl.

Agriculture in the EAA is highly dependent on the current system of canals running through the region
to drain excess water during the wet season and supplement water supplies for irrigation during the dry
season. Water quality concerns, soil subsidence, and encroachment of urbanization are all ecosystem
stressors related to maintaining agriculture in this area. Water quality, particularly phosphorus loading,
is being addressed through improved farming practices and stormwater treatment.

Hydrologic improvements will be accomplished through improved storage and canal conveyance

capacity. This two-phase project will construct three aboveground reservoirs of approximately 20,000
acres each and restore more natural timing of deliveries to the water conservation areas.
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Changes in the hydrology and water quality in the water conservation areas from implementation of
these projects will affect the Loxahatchee National Wildlife Refuge, located in WCA-1, and downstream
areas, such as Taylor Slough, the mangrove communities, and northeast Florida Bay, inside Everglades
National Park. DOI has a strong interest in ensuring that the waters introduced into the natural system
mimic the natural predrainage hydrology in terms of quantity, quality, timing, and distribution patterns.
DOl is also interested in the potential habitat and recreational values of the water storage reservoirs
themselves and in ensuring that wildlife attracted to the reservoirs are not harmed by the quality of the
water impounded on former agricultural lands.

What Is Known

The southern rim of Lake Okeechobee was historically a dense swamp of pond apple, willow, and
elderberry. Areas farther to the south were dominated by sawgrass mashes, part of the “river of grass”
that flowed south through the Everglades into Florida Bay. Significant changes in the hydrology of this
area have had wide reaching effects far outside the boundaries of the EAA.

What is Needed

Research and modeling to refine hydrologic targets, including targets for water quality. Additional
research and modeling are needed to help DOI managers better understand the natural quantity, timing,
and distribution of water in the park and how to restore those conditions.

The water quality performance targets for this project will initially be based on water quality targets for
the Everglades Construction Project and other designated uses of the EAA waters. Additional research
will help refine these targets to ensure that the quality of the water from potential sources throughout the
watershed is suitable for ecosystem restoration.

Research and possible model refinement to establish operating protocols. DOI needs to provide the
operating protocols to the USACE that will allow operators to replicate natural system functioning in the
marshes and the surficial Biscayne aquifer. These protocols should provide water managers more
flexibility, based on actual rainfall (real-time conditions) rather than on projections of annual averages, in
order to avoid engineering the wetlands into an unnatural state. These protocols will help ensure that the
quantity, timing, and distribution of water into the park mimics the hydropatterns of natural flows
through Taylor Slough and the mangrove communities to the coastal estuaries: northeast Florida Bay,
Manatee Bay, and the landlocked areas, Barnes and Card Sounds.

The operating protocols should include a drought management plan that addresses the onset,
progression, recession, and termination of drought stages, based on rainfall data, soil moisture, and
reservoir level indicators.

Restoration partners need more information about how to mimic natural hydrologic patterns
simultaneously with other CERP goals and objectives.

Environmental risk assessments of water quality contaminants. Water quality investigations will assess
the environmental risks from storing water on former agricultural lands.

Research to support design and operational rules to enhance fish and wildlife resources. FWS needs to

identify ways in which the EAA reservoirs can be managed and operated to provide favorable habitat for
fish and wildlife while maintaining the water management functions.
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Monitoring and assessment to determine the effects of the reservoirs on the natural system. As phase
one of this project comes on line, DOI scientists need to focus on assessing how the increased water and
canal flow capacity and changes in water quality affect the natural system and on how to improve these
outcomes during the second phase of this project.

33



3. Projects to Improve the Quantity, Quality, Timing, and Distribution of Water

Upper East Coast

PROJECTS

1. Wetland Restoration on the Allapattah Ranch
Natural Area

2. Ten-Mile Creek Reservoir Assisted Stormwater
Treatment Area

Overview

The CERP upper east coast region is separated from the Kissimmee-Okeechobee watershed by the eastern
coastal ridge. This watershed drains to the east, into the Indian River Lagoon, considered the most
biodiverse estuarine system in all of North America, and the Saint Lucie Estuary, a major tributary at the
southern end of the lagoon. Unnaturally high and low freshwater discharges from the C&SF Project
canals are changing the salinity and water quality in the lagoon and estuary. The Wetland Restoration on
the Allapattah Ranch Natural Area Project will serve as a pilot for the development of methods to reduce
the damaging effects of watershed runoff and high peak freshwater discharges into the lagoon and
estuary. The Ten-Mile Creek Reservoir Assisted Stormwater Treatment Area is a prototype for several
such reservoir-assisted STAs intended to reduce sediment loads in waters delivered downstream. The
technologies developed through these projects will have wide application in similar CERP projects,
particularly in other components of the Indian River Lagoon project. DOI is interested in ensuring that
the projects are designed to provide the greatest possible benefits to fish and wildlife values and to avoid
inadvertent adverse effects on federally protected species. Additional research to understand the linkages
between hydrology, fire, and ecology in the Allapattah wetlands will help refine management scenarios
and may have broader application elsewhere. Site-specific monitoring of habitats and species at both
project areas will support adaptive management to enhance fish and wildlife values.

DOI managers can most effectively participate in CERP projects during three project stages: (1) NEPA
scoping in the early stages of project design, to help ensure that hydrologic targets accurately reflect the
natural predrainage conditions, (2) review of project alternatives, to ensure that fish and wildlife and
parks are adequately considered in compliance with DOI mandates, and (3) monitoring and assessment
of project results, to support project modification if needed to ensure that the intended conditions are
achieved. The major questions that DOI managers need to answer at each stage to effectively fulfill their
responsibilities as partner and steward are summarized below, along with the highest priority science
needs for answering those questions. This information is discussed in greater detail for each individual
project following this summary.
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SUMMARY OF DOI RESPONSIBILITIES AND SCIENCE NEEDS RELATED TO WATER PROJECTS IN
UPPER EAST COAST

Major DOI
Responsibilities Major Unanswered Questions Needed Science Timeline
and Interests
Restoration on the Allapattah Ranch Natural Area
What are the hydrologic targets in the Modeling to determine the NEPA Scoping
B[ BT el Allapattah Ranch area? natural hydrology Completed

hydrologic
performance targets
accurately reflect the
natural predrainage
hydrology and
ecology (DOl CERP
partnership
responsibility)

Help ensure that
hydrologic
performance targets
protect threatened
and endangered
species and promote
fish, wildlife, and
park values
(consultations on
project design
related to DOI
stewardship
responsibilities)

Assess the
responses of
ecological
communities and
species as a basis
for adaptive
management
(continuation of DOI
responsibilities
outlined above)

Environmental risk assessments
of water quality contaminants

What are the water quality concerns for
rehydration of this formerly agricultural
land?

Ten Mile Creek Reservoir-Assisted Stormwater Treatment Area

What hydrologic targets will achieve more
natural flows in Ten Mile Creek?

Modeling to determine natural
flows in Ten Mile Creek

NEPA Scoping
Completed

Restoration on the Allapattah Ranch Natural Area

EIS Review, Section 7 Consultation, and
CAR
Final CAR: Feb 2002
Final PIR/EIS: March 2004

Research to understand
linkages between hydrology and
ecology in the Allapattah Ranch
Natural Area

Will the proposed hydrologic changes
affect the flora and fauna in the area, in
particular Audubon’s crested caracara?

Ten Mile Creek Reservoir-Assisted Stormwater Treatment Area

EIS Review, Section 7 Consultation, and
CAR
September 1999

What are the links between hydrology,
water quality, and ecology in the Ten Mile
Creek area?

Studies of species’ responses to
fluctuating water levels

Studies of the effects of intake
structures

What are the potential effects on native
fisheries, and particularly on the opossum
pipefish?

Restoration on the Allapattah Ranch Natural Area

What are the indicators of the desired
ecological response?

Site-specific monitoring and
adaptive assessment

Post-implementation monitoring and
assessment
Project Completion: 2010
What monitoring and assessment program
can best use the ranch to learn about the
restoration of these wetland habitats?

New indicator species and
bioassessment approaches
(such as, midge communities)
are needed to more precisely
quantify biotic changes due to
changes in the hydroperiod and
water quality from restoration
efforts.

Ten Mile Creek Reservoir-Assisted Stormwater Treatment Area

What are the key indicators of the desired
ecological responses?

Biological monitoring to identify
indicator species

Post-implementation monitoring and
assessment
Project Completion: December 2005

Restoration on the Allapattah Ranch Natural Area
One of Six Components in the C-23/24 Basin of Indian River Lagoon South (IRLS) Feasibility Study

Overview of the Indian River Lagoon Feasibility Study

The Indian River Lagoon - South Feasibility Study is the second feasibility study initiated under the C&SF
Project Comprehensive Review Study (Restudy) authorized by Congress in 1996. The purpose of the study is
to investigate making structural and operational modifications to the C&SF Project to improve the quality
of the environment, to protect the Floridan aquifer, to ensure the integrity, capability, and conservation of
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urban and agricultural water supplies, and to achieve other water-related purposes in the upper east
coast area. The Final Feasibility Study for this project recommends a plan that will improve water quality
within the St. Lucie Estuary and the Indian River Lagoon by reducing the damaging effects of watershed
runoff, reducing high peak freshwater discharges to control salinity levels, and reducing nutrient loads,
pesticides, and other pollutants. The plan also includes water supply for agriculture to offset reliance on
the Floridan aquifer.

The plan involves the purchase of approximately 90,000 acres of wetland/upland habitats and their
conservation (if in a natural state) or enhancement (if impacted). Natural areas include pine flatwoods,
forested wetlands, scrub, wet prairies, and marshes. Impacted areas include agricultural lands such as
citrus, row crops, and improved and unimproved pasture. Water management projects include 170,000
acre-feet of storage reservoirs (C-44 West, C-23 and C-24 North and South, and C-25) and stormwater
treatment areas (C-44 West, C-44 East, C-23, C-24, C-25 and C-23/C-44 Canal/STA), storage in 90,000
acres of natural storage areas (Allapattah, Palmar, and Cypress Creek), and removal of 5,500,000 cubic
yards of muck from the St. Lucie River and Estuary.

The restored wetlands will provide large tracts of contiguous, high-quality fish and wildlife habitat in an
otherwise highly agricultural watershed. The St. Lucie Estuary and Indian River Lagoon will benefit from
more natural hydrology in the upper reaches of the watershed. Other, less severely drained adjacent
areas (remnant pine flatwoods and forested wetlands) should also benefit from the increased
hydroperiod, better management of cattle and exotics, and promotion of a more natural fire regime.

Animals expected to benefit the most from habitat conservation and enhancement are wading birds, other
waterfowl, amphibians, and aquatic reptiles and invertebrates. Threatened or endangered species include
Everglade snail kite, wood stork, bald eagle, Audubon’s crested caracara, and whooping crane. Forested
upland species, including the federally endangered red-cockaded woodpecker and threatened Florida
scrub-jay, could also benefit. The conservation of large tracks of forested land, especially in the western
portion of the study area, is expected to provide potential habitat for the recovery of the endangered
Florida panther.

Project Purpose and Major DOI Interest

The Allapattah Natural Area is the first large tract of land in the IRLS to be restored. A monitoring plan is
needed to guide additional restoration plans for the remaining IRLS natural areas.

The 20,000-acre Allapattah Ranch Natural Area was historically a mosaic of pine flatwoods, wet prairie,
and freshwater marsh. Today, the land consists primarily of improved pasture, degraded wetlands, and
impacted native upland habitat. The land has been extensively drained for cattle grazing and other
farming practices. Contaminated stormwater quickly drains through the network of ditches into the C-23
Canal, and then to the middle part of the St. Lucie Estuary.

The St. Lucie Estuary watershed covers an area of approximately 775 square miles. Three of its major
drainage basins are now linked to the estuary by the C-23, C-24, and C-44 project canals. The canals
convey stormwater runoff from within these basins to the St. Lucie River and Estuary. In addition, the C-
44 canal conveys flood control discharges from Lake Okeechobee to the South Fork of the St. Lucie River.
The C-25 canal, located in northern St. Lucie County, discharges runoff directly into the Indian River
Lagoon near Ft. Pierce Inlet.

These drainage modifications coupled with land use changes in the St. Lucie Estuary watershed have
dramatically increased wet season flows to the estuary and significantly reduced dry season inflows. The
reduction in dry season base flows has affected habitats and organisms dependent on brackish or fresh
water wetlands during their life cycles. High-volume stormwater discharges produce rapid fluctuations
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of salinity, and also sedimentation. The increase in nutrient and sediment loading has contributed to the
build-up of fine-grained, nutrient-rich muck in the estuary. The resultant change in aquatic communities
within the estuary consists of increases in pollutant-tolerant benthic organisms and decreases in seagrass
and oyster communities.

The ecology of the Indian River Lagoon has also been affected by these fresh water discharges from the
C&SF Project canals. The existing seagrass beds may be threatened by the increased nutrient loading,
high turbidity, and introduction of colored water, which diminishes light penetration needed to support
submerged aquatic vegetation. Habitat diversity and species diversity in the lagoon system are believed
to be affected by the decline in water and sediment quality.

Restoration will entail filling ditches and canals on former agricultural lands to create a more natural
hydroperiod. Approximately half of the ranch is on drained and partially drained hydric (high-moisture)
soils, which provide an excellent opportunity for restoration. By backfilling the drainage ditches the land
can be rehydrated and large volumes of stormwater will be contained on site.

DOl is most interested in evaluating the success of efforts to enhance wetland and adjacent upland
habitats in the Allapattah Ranch Natural Area. The project will

:l' ]_ serve as a pilot for the development of methods that may be
. — implemented on the remaining 70,000 acres of natural areas for
"E ! Fort Piprcea the Indian River Lagoon South Project. The FWS has predicted
D- 3‘ | ST LUCIE | that the Allapattah Ranch has the potential to provide habitat for
K dhiealnobes rid 32 out of the 43 indicator species in the Indian River Lagoon-

FIE T8 2ol SN LT 4 South project area. These include three threatened or
I fo k endangered species, including Audubon’s crested caracara,
Liut: known to occur in the project area and six others that are likely
S ;;;IL ﬂ :;::L’*a - to occur. It is anticipated that both habitat and species richness
ens Feasibility Siuda will increase significantly as a result of restoration activities at
Allapattah Ranch.

What Is Known

Although comprehensive biological surveys have not been conducted on the Allapattah Ranch, sandhill
cranes, wading birds, raptors, white-tailed deer, and turkeys are known to occupy the site. Recent
investigations have indicated high usage by Audubon’s crested caracara, including one active nest
located in February 2003. Incidental observations conducted during these surveys have identified 67
additional bird species. The state-listed Florida tree fern and Florida peperomia have been found within
the forested wetland along the parcel’s western boundary. Numerous native plant species occupy the
remnant wetlands throughout the property.

What Is Needed
Modeling to determine the natural hydrology

Research to understand linkages between hydrology and ecology in the Allapattah Ranch Natural
Area. The linkages between the restoration of the historic hydroperiod, concurrent management of
exotics and fire, and the responses of the various ecological communities must be understood in order to
define the best management scenarios for the mosaic of wetland and upland communities that are, or will
be, present on the property. This knowledge will assist DOI in providing input into the adaptive
management phase as the effects of restoring wetland habitats on native species are understood.

Surveys using Wetland Rapid Bioassessment Protocols are costly and have not been sensitive enough for
quantifying marsh system biotic responses to restoration projects in the upper east coast region. Research
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is needed to identify sensitive and reliable invertebrate indicators of changes in water quality and
hydroperiod. Chironomid and Ceratopogonid midges are abundant and diverse in wetland systems, and
have proven to be particularly sensitive to changes in environmental conditions in south Florida marsh
systems. Methods, such as pupal exuviae sampling, that sample these important invertebrates efficiently
may be particularly effective and efficient in identifying indicator species, and in monitoring water
quality and hydroperiod changes through changes in midge community composition during restoration.

Environmental risk assessments of water quality contaminants. Water quality investigations will assess
the environmental risks from storing water on former agricultural lands.

Site-specific monitoring and adaptive assessment. Hydrologic and ecological monitoring will provide
the information needed to assess project benefits and to avoid or minimize impacts to the federally listed
species utilizing this habitat and other important fish and wildlife values.

Surveys using the Wetland Rapid Bioassessment Protocol are underway to measure existing conditions
for comparison to post-hydroperiod-restoration responses. However, this methodology is not sensitive
enough to precisely quantify changes in the hydroperiod and water quality or the resulting responses of
the biologic communities. A site-specific monitoring and adaptive assessment plan will augment the
CERP MAP. The SFWMD will be monitoring hydrologic restoration (increases in spatial extent, depth,
and duration of wetlands). DOI has developed an ecological monitoring plan for evaluating ecological
conditions during and following restoration. The methodology will be capable of gauging expanded and
intensified wildlife utilization through an increase in the spatial extent of wetlands, improvements in
habitat functional quality, and improvements in native plant and animal species diversity and
abundance.

Ten Mile Creek Reservoir-Assisted Stormwater Treatment Area

Project Purpose and Major DOI Interest

The purpose of this project is to provide seasonal or temporary storage of stormwater from the Ten Mile
Creek basin to attenuate and treat wet-season stormwater flows originating in the basin prior to release
into the North Fork of the St. Lucie Estuary. It involves the construction of an aboveground reservoir with
_ a pump station, a gated water level

TR LLLL e SR 4 3 control structure, and a stormwater

' treatment area for water quality. Settling
of suspended solids within the 526-acre
storage reservoir is expected to reduce
sediment loads delivered downstream.
This is the first of several such CERP
projects being designed for aboveground
water storage and treatment. Scheduled

: \ - for completion in 2005, it will be the first
. L oo ) test of this technology in South Florida,

' and will provide information for the
design, operation, and maintenance of
future similar facilities.
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pipefish. The current design includes a large intake pump to draw water from Ten Mile Creek. Design
alternatives to reduce mortality of aquatic organisms have not been incorporated. Current hydrologic
modeling indicates that the reservoir will fluctuate annually from 10 feet deep to completely dry, which
will prevent the establishment of high-quality habitat for native fish and wildlife.

This project is termed a Critical Restoration Project and was authorized under Section 528 of WRDA 1996.
Under this authority, the Secretary of the Army, in cooperation with the SFWMD (the nonfederal project
sponsor) and the Task Force, provided the determination that this project will produce independent,
immediate, and substantial restoration, preservation, and protection benefits and will be generally
consistent with the conceptual framework specified in the Governors Commission for a Sustainable South
Florida’s Conceptual Plan.

What Is Known

The fishery data for Ten Mile Creek are scant, and only a partial species list is available from angler
interviews and a 1994 Florida DEP fish-kill investigation. Several important recreational gamefish, such
as largemouth bass and snook, inhabit the creek, and several native fishes occur in the St Lucie River and
may be present in Ten Mile Creek. Native tropical species include opossum pipefish (a candidate species
for federal protection), bigmouth sleeper, spinycheek sleeper, mountain mullet, river goby, and
slashcheek goby.

Wildlife utilization data for the project area are also limited. A five-day wildlife survey of the Ten Mile
Creek citrus grove, the area proposed for the reservoir, found 36 wildlife species, including great egret,
great blue heron, red-tailed hawk, merlin, wild turkey, blue jay, downy and hairy woodpeckers,
ovenbird, European starling, bobcat, white-tailed deer, butterflies, Cuban anole, and the eastern indigo
snake (federally listed as threatened). Thirty-three understory plant species were also identified between
the citrus rows. An additional 20 animal and 65 plant species were sighted in the unimproved pasture
and wetlands, the area proposed for the stormwater treatments area, adjacent to the citrus grove.

What Is Needed

Modeling to determine natural flows in Ten Mile Creek

Biological monitoring. Biological monitoring of the Ten Mile Creek Project will provide valuable
information about species diversity and relative abundance, and it should guide selection of an indicator
species for gathering current population data and long-term monitoring. Additional information about
length, weight, age (gamefish only), and sex will help managers understand the fishery and provide the
demographic information for possible modeling analyses. For the first year, the sampling will be
conducted six to ten times in order to best delineate variability in population structure and to identify
potential spawning times and species. This information will allow investigators to more efficiently
conduct subsequent sampling at a reduced frequency (two or three times a year). Field water quality
parameters such as water temperature, dissolved oxygen, pH, and conductivity will also be measured
and correlated with species diversity and abundance.

Studies of the effects of intake structures (alternative designs). DOI is concerned about the impacts of

high-velocity pumps on fish and wildlife communities. The FWS needs to work with the USACE to find
alternative designs and locations for these pumps that minimize impacts on fish and wildlife resources.
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Study of species’ responses to fluctuating water levels. DOI needs to understand how reservoir-assisted
STAs can be operated to provide adequate wet refugia (such as tree islands) and dry refugia (such as
alligator holes). Determining the effects of fluctuating water levels in the reservoirs and the stormwater
treatment areas on native fish and wildlife communities will support adaptive management to optimize
benefits to fisheries and wildlife while maintaining the management functions of the reservoir-assisted
STAs.
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Loxahatchee

PROJECTS
1. North Palm Beach County

2. Arthur R. Marshall Loxahatchee Internal Canal
Structures

Overview

Projects to improve water deliveries to the Loxahatchee River and Slough and the ARM Loxahatchee
National Wildlife Refuge (which includes WCA-1) have the potential to improve habitat values in these
areas. DOI has a great interest in ensuring that the quality, timing, and distribution of the additional
water dedicated to these natural systems is suitable for natural system restoration. New local basin
hydrologic and ecological models, to be integrated with the CERP models, will aid in understanding the
effects of hydrologic change on habitats and species in this area. The use of water from stormwater
treatment areas to augment flows to the wildlife refuge raises concerns about phosphorus and other
contaminants The ecological responses to hydrologic change will be monitored to help ensure the desired
responses and to avoid inadvertent impacts to fish and wildlife. Species of special concern include the
eastern indigo snake and Everglade snail kite.

DOI managers can most effectively participate in CERP projects during three project stages: (1) NEPA
scoping in the early stages of project design, to help ensure that hydrologic targets accurately reflect the
natural predrainage conditions, (2) review of project alternatives, to ensure that fish and wildlife and
parks are adequately considered in compliance with DOI mandates, and (3) monitoring and assessment
of project results, to support project modification if needed to ensure that the intended conditions are
achieved. The major questions that DOI managers need to answer at each stage to effectively fulfill their
responsibilities as partner and steward are summarized below, along with the highest priority science
needs for answering those questions. This information is discussed in greater detail for each individual
project following this summary.
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SUMMARY OF DOI RESPONSIBILITIES AND SCIENCE NEEDS RELATED TO WATER PROJECTS IN THE

LOXAHATCHEE AREA

Major DOI
Responsibilities
and Interests

Major Unanswered Questions

Needed Science

Timeline

Help ensure that
hydrologic
performance targets
accurately reflect the
natural predrainage
hydrology and
ecology (DOI CERP
partnership
responsibility)

Help ensure that
hydrologic
performance targets
protect threatened
and endangered
species and promote
fish, wildlife, and
park values
(consultations on
project design
related to DOI
stewardship
responsibilities)

Assess the
responses of
ecological
communities and
species as a basis
for adaptive
management
(continuation of DOI
responsibilities
outlined above)

What are the links between hydrology and
ecology in the Loxahatchee Slough and
River and the Lake Worth Lagoon?

What hydrologic targets will restore the
natural predrainage hydrology?

What water quality criteria must be
achieved for the agricultural and urban
waters diverted into the refuge?

What is the distribution of protected
species throughout the project area?

What are the anticipated effects on the
eastern indigo snake and Everglade snail

kite?

What are the links between hydrology,
water quality, and ecology in the refuge?

What are the effects on endangered

species?

What is the ecological response to

hydrologic change?

North Palm Beach County Part 1

Regional integration of water
transport and ecological models

Synthesis and integration of
data about historic hydrologic
and ecological conditions on the

refuge

Development of an integrated
hydrodynamic and water quality

model.

North Palm Beach County Part 1

Population and habitat utilization
data about threatened eastern
indigo snake and endangered

Everglade snail kite

Research to understand the
ecological effects of hydrology
and water quality on refuge

resources

North Palm Beach County Part 1

Inventory and monitoring of all

federally listed species

Monitoring and assessment of

responses:

. water quality (including

phosphorus and

conductivity)

. hydrology

. periphyton

. aquatic communities and
habitats

. invertebrate and plant

communities
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Arthur R. Marshall Loxahatchee NWR Internal Canal Structures

NEPA Scoping
2020

EIS Review, Section 7 Consultation, and
CAR
Draft: Aug 2006
Final: Aug 2007

Arthur R. Marshall Loxahatchee NWR Internal Canal Structures

EIS Review, Section 7 Consultation, and
CAR
2020

Post-implementation monitoring and
assessment
Project Completion: 2008
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Post-implementation monitoring and
assessment
Project Completion:
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North Palm Beach County Part 1

Project Purpose and Major DOI Interest. The North Palm Beach County Part 1 Project is a complex
set of interrelated but separable components of the CERP? covering about 40,000 acres in northern Palm
Beach and southern Martin Counties. The purposes of the project are to increase water supplies to the
municipalities of northern Palm Beach County, provide increased flows to enhance hydroperiods in the
Loxahatchee Slough, increase base flows to the Northwest Fork of the Loxahatchee River, and reduce
high freshwater discharges to the Lake Worth Lagoon. When completed in 2014, this 12-year project will
provide environmental, urban, and agricultural water supplies, flood attenuation, and water quality
improvement for north Palm Beach County.

The water dedicated to the natural system will help restore wetlands in Loxahatchee Slough and restore
more natural flows to the Northwest Fork of the Loxahatchee River, which is Florida’s only designated
wild and scenic river. An almost contiguous greenbelt extends from the state-owned DuPuis Reserve in
the west, to the Jonathan Dickenson State Park in the northeast, and southward to the Grassy Waters
Preserve. Eighteen federally listed plant and wildlife species occur within the project area, two of which,
the Everglade snail kite and the eastern indigo snake, are species of special concern because little is
known about their life histories within this project region. Proposed alterations to water flow, water
depth, inundation period, flood frequency, and water quality will affect the snail kite’s primary prey, the
apple snail, resulting in impacts to the bird’s foraging strategy and ultimately to its nesting success.

What Is Known

Several local-basin water-transport models are under development and will be used to inform the project
design. The two primary water-transport models under consideration for this project are the RSM and the
Lower East Coast Regional (LECR) Model. The Corps and SFWMD are currently combining these two
models with watershed-specific models developed for this region to accurately predict the hydrologic
effects on the natural system from alterations to the existing water delivery system.

Numerous ecological databases are available for the north Palm Beach County area, although
incorporating this data and new information into a more comprehensive habitat map is part of what is
needed in order to plan effectively for protection of species in this area. Snail Kite and Indigo snakes
either occur or are likely to occur in this area given the knowledge base on these species habitat needs
and preferences. Long- term snail kite monitoring occurs in the Grassy Waters Preserve, where nest
success within the preserve is being documented.

What Is Needed

Regional integration of water transport and ecological models. DOI scientists will use the best available
information to predict the ecological responses to the project performance targets during project design.
Regional integration of the local hydrologic models and creation of ecological models that describe the
effects of water allocations on fish and wildlife are longer term science needs. Although ecological models
will not be available during the project design phase, through modification from incorporation of new
information currently being collected they will eventually provide improved information to be used by
the project managers to better predict the ecological benefits or adverse affects of adaptive management
strategies. The integration of hydrologic and ecological models on a regional level will provide a critical
tool necessary to ensure consistent decision making by the many federal management agencies in the
region working to restore ecological sustainability.

2The North Palm Beach County project is composed of six separable elements including Pal-Mar and J.W. Corbett Wildlife
Management Area Hydropattern Restoration (including Loxahatchee River Restoration), L-8 Basin Modifications, C-51 and L-8
Reservoir, Lake Worth Lagoon Restoration, C-17 Back-pumping and Treatment, and C-51 Back-pumping and Treatment.

43



Loxahatchee

Population and habitat utilization data about threatened eastern indigo snake and endangered
Everglade snail kite. Studies to document the presence, abundance, population size, breeding potential
and other life history characteristics of these species throughout the project area will fill these gaps in
existing databases and provide improved baselines for considering impacts on these species.

Inventory and monitoring of all federally listed species. A complete inventory of all federally listed
species in the project area will allow managers to adequately consider the multi-species effects of this
restoration project. GIS map layers and databases for each species” occurrence, range, and abundance will
be compiled in a centralized location for multiagency use.

DOI will track the effects of changes in hydrology, specifically hydration of upland or transitional
communities, on the federally listed species in the project area. DOI will provide this information to the
RECOVER team during the evaluation and adaptive management phase of this project.

Flows into the Arthur R. Marshall Loxahatchee NWR Including Internal Canal Structures
and STAs

Project Purpose and Major DOI Interest

The purpose of the CERP project, Internal
Canal Structures, is to improve the timing,

K

depth, and distribution of water delivered to the Okeechobee -,
Arthur R. Marshal Loxahatchee National / o .
Wildlife Refuge from Stormwater Treatment . I & —

Areas (STAs) 1 East and 1 West. The CERP plan
currently assumes that the canal structures will = |essici 855 =

remain closed except to pass outflows and
water supply deliveries from the STAs to the — g | G
coastal canals. . | Everglades
ST |, Agricultural G
. ] I Fira .
The refuge, located in Palm Beach County, i N
represents one of the last vestiges of the historic | o

soft-water Everglades. Much of the Everglades A
developed as a rainfall-driven system with s
surface waters low in nutrients (such as ol U
phosphorus and nitrogen) and ions (such as il
sodium and calcium). This low-conductivity, or soft-water, condition was a major determinant of the
historic ecosystem structure and function. The base of much of the refuge food chain is a unique, diverse
periphyton assemblage that has developed under these soft-water conditions. The low conductivity
waters are also associated with lower rates of key ecosystem processes, such as decomposition, than what
occur in areas of the Everglades with higher conductivity waters (e.g., areas impacted by canal
discharges).

The STAs will discharge water in new locations in the refuge and the DOI is concerned about the quality
of the water from the STAs that will occur at these new locations. Because the Internal Canal Structures
also will change how water moves from the canals into the interior of the refuge, that restoration project
have the potential to change refuge water quality and subsequently refuge flora and fauna. Although the
ecological impacts associated with increased surface water phosphorus concentrations in the Everglades
are well recognized, the ecological impacts associated with an increased conductivity are not understood.
However, information from other wetlands indicates that increases in conductivity may elicit undesirable
ecological changes. Potential impacts in the refuge include changes to the periphyton community, which
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in turn may result in changes in populations and communities of primary consumers, such as apple
snails, and subsequently of species such as the Everglade snail kite, which feeds on the snails.

A secondary related concern is how the water will be distributed in terms of depths and duration of
depths, since changes in the depth of water and the amount of time an area is flooded can affect plant
communities and critical habitats such as tree islands, wet prairies, and sloughs. The current water
regulation schedule has been in place since 1995. Current operational issues, development of STAs, and
water quality constraints were not foreseen when the schedule was developed. The current schedule
needs to be reviewed in the context of current and projected future constraints and operational issues in
order to insure that the appropriate quantity, timing, and distribution of clean water are provided to the
refuge.

Refuge managers need to understand how water quality and quantity affect refuge resources in order to
provide appropriate operational targets to the USACE prior to project design and suggested
modifications to the refuge regulation schedule if appropriate. The appropriate targets need to address
the management goal of restoring and conserving the natural diversity, abundance, and ecological
function of refuge flora and fauna, as outlined in the refuge’s 2000 Comprehensive Conservation Plan and
agreed to in the terms of the current license agreement with the SFWMD. An important DOI role in this
project is to provide technical input during project planning and design to ensure that the project is
designed and implemented in a way that will not harm existing resources while accomplishing the
objectives of improving water delivery in other parts of the refuge.

What Is Known

Information about the current hydrologic conditions in the refuge is well documented and provides a
good baseline for analysis of any changes related to implementation of this project.

It has long been known that the fringes of the refuge are affected by high conductivity canal water. More
recent evidence indicates a trend towards increased intrusion of this water into the refuge interior with
noticeable impacts on water chemistry and sensitive biota. DOI managers and scientists have expressed
concern over the spread of such impacts and their relationship to water management activities including
operation of the STAs and meeting the requirements in the current water regulation schedule.

What Is Needed

Synthesis and integration of data about historic hydrologic and ecological conditions on the refuge.
Data about historic hydrologic, water quality, and ecological conditions will be needed to develop the
specific hydrologic targets for the project.

Research to understand the ecological effects of hydrology and water quality on refuge resources.
CERP project managers and refuge managers will need information that relates conductivity and the
pattern and duration of water depths within the refuge to changes that will occur with the project and
other changes in water management as a basis for project design and adaptive management. Both a
synthesis of past data and collection of current data are needed.

Gradient studies that focus on community change (invertebrate and plant communities especially) are
needed for identifying reliable indicators of water quality in this soft water system and monitoring to
detect undesirable changes in the NWR marsh system.

Development of an integrated hydrodynamic and water quality model. The most appropriate tool for

making evaluations that have both water quality and water quantity components is an integrated
hydrodynamic and water quality model. The development and refinement of this model will require
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additional information about the spatial patterns of conductivity within the refuge and the relationship of
those conductivity patterns to periphyton, aquatic communities, and endangered species.

Monitoring and assessment of responses. Establishment of pre- and post-project monitoring protocols
for hydrology, water quality including phosphorus and conductivity, periphyton, aquatic communities,
and habitats will provide data that can be used to assess whether the project is having the desired effect.
Coupled with mesocosm experiments, these data can be used to understand how changes in water
quality and quantity, due to water management actions, affect refuge resources.
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3. Projects to Improve the Quantity, Quality, Timing, and Distribution of Water

Water Preserve Areas and Seepage Management along the Marsh/Urban Interface

PROJECTS

1. Water Preserve Areas

2. Lake Belt In-Ground Reservoir Technology Pilot
Project

3. L-31N Seepage Management Pilot and Everglades
National Park Seepage Management

Overview

These projects focus on the control and management of the large volumes of water currently lost from the
natural Everglades to the lower east coast. The water preserve areas, an interconnected series of
marshlands, reservoirs, and aquifer recharge basins between the Everglades Water Conservation Area
and the coast, will reduce seepage, manage the quantity and the quality of the water returned to the
Everglades, and provide other benefits, such as urban water supply. Seepage management technologies
will be investigated through a number of pilot projects. The L-31N Seepage Management Pilot,
Everglades National Park Seepage Management, and Lake Belt In-Ground Reservoir Technology Pilot
Project are closely related. The L-31 N pilot will provide the technology needed to support seepage
management for Everglades National Park. The in-ground reservoir pilot will address remaining
uncertainties related to in-ground storage that are not addressed by the L-31N pilot.

DOl is particularly interested in the success of the water preserve projects as a means of attaining the
natural hydrologic targets in the Everglades marshes. The water preserve areas will prove critical in
ensuring improvements to the Arthur R. Marshall Loxahatchee National Wildlife Refuge and Everglades
National Park, and the habitats of numerous threatened and endangered species. DOl is also concerned
about preserving the quality and critical water deliveries to coastal estuaries and offshore areas north and
east of Barnes Sound.

Determining the best technology for managing seepage from the water preserve areas involves a number
of issues of concern to DOJ, including the potential for impeding the recharge of wellfields to the east of
any barriers and the potential for disrupting groundwater flows into natural areas to the east and south.

The effects of these projects on water quality are important concerns of DOIL The quality of the water
captured in the water preserve areas could be affected by contaminated soils, in areas where former
agricultural lands will be flooded, and by unnatural levels of metals and other pollutants leached from
geologic formations, where in-ground reservoirs are used.

DOI managers can most effectively participate in CERP projects during three project stages: (1) NEPA
scoping in the early stages of project design, to help ensure that hydrologic targets accurately reflect the
natural predrainage conditions, (2) review of project alternatives, to ensure that fish and wildlife and
parks are adequately considered in compliance with DOI mandates, and (3) monitoring and assessment
of project results, to support project modification if needed to ensure that the intended conditions are
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achieved. The major questions that DOI managers need to answer at each stage to effectively fulfill their
responsibilities as partner and steward are summarized below, along with the highest priority science
needs for answering those questions. This information is discussed in greater detail for each individual

project following this summary.

SUMMARY OF DOI RESPONSIBILITIES AND SCIENCE NEEDS RELATED TO WATER PROJECTS IN
WATER PRESERVE AREAS AND SEEPAGE MANAGEMENT ALONG THE MARSH/URBAN INTERFACE

Major DOI
Responsibilities
and Interests

Major Unanswered Questions

Needed Science Timeline

What operating protocols for the WPAs will
ensure that outflows support marsh-driven
hydrologic targets? How do we develop
protocols that are also compatible with the
urban supply and flood protection
protocols?

How can seepage from the WPAs best be
managed?

How can the design and operation of
WPAs ensure that water contaminants are
avoided?

Help ensure that
hydrologic
performance targets
accurately reflect the
natural predrainage
hydrology and
ecology (DOl CERP
partnership
responsibility)

How can seepage from the WPAs best be
managed?

Will the outflow from the Lakebelt
reservoirs be of adequate quality to
discharge into natural areas?

Water Preserve Areas

Research and possible model
refinement to establish
operating protocols

NEPA Scoping
Schedules for the nine separate WPA
projects are revised. C-9, C-11 and WCA
3A/3B seepage Aug 2005

The dates for the other components are
expected by September 2004
Seepage measurements

Environmental risk assessment
of water quality contaminants

Lakebelt In-Ground Reservoir Technology Pilot Project

Information about the
effectiveness of seepage
barriers in Lake Belt reservoirs

NEPA Scoping
Completed

Research into biochemical
processes that occur in deep
lakes and how they will affect
outflow.

L-31N Seepage Management Pilot and Everglades National Park Seepage Management

How will the proposed seasonal operation
of the seepage control projects affect
hydropatterns and water levels in
Northeast Shark Slough?

How can predicted natural hydropatterns
for Northeast Shark Slough be translated
into operating rules for seepage control
structures?

What design and operational

Help ensure that A .
improvements could enhance ecological

hg?frgrlgqga'g o5 (EHES benefits of the water preserve areas while
grotect threatengd meeting water management goals?

and endangered
species and promote
fish, wildlife, and
park values
(consultations on
project design
related to DOI
stewardship
responsibilities)

What design and operational
improvements could enhance the
ecological value of the reservoirs without
reducing the intended purpose?

How will construction of the Lakebelt
reservoirs affect the hydrology of the
surficial aquifer south of the Lakebelt

Determination of the source of NEPA Scoping
flow L-31july 2006

Research and possible model
refinement to establish
operating protocols

Water Preserve Areas

Research to support design and EIS Review, Section 7 Consultation, and

operating rules to enhance fish CAR
and wildlife resources C-9, C-11 and WCA 3A/3B seepage draft
Nov 2005

Final Jan 2006

Lakebelt In-Ground Reservoir Technology Pilot Project

Research to determine the EIS Review, Section 7 Consultation, and
ecological function of deep CAR
lakes Draft: May 2015-2020

Final: May 2015-2020

Model of the dynamics within
the surficial aquifer

L-31N Seepage Management Pilot and Everglades National Park Seepage Management
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SUMMARY OF DOI RESPONSIBILITIES AND SCIENCE NEEDS RELATED TO WATER PROJECTS IN
WATER PRESERVE AREAS AND SEEPAGE MANAGEMENT ALONG THE MARSH/URBAN INTERFACE

Major DOI
Responsibilities
and Interests

Major Unanswered Questions

Needed Science Timeline

Assess the
responses of
ecological
communities and
species as a basis
for adaptive
management
(continuation of DOI
responsibilities
outlined above)

How will the proposed seasonal operations
of the seepage control works affect
ecological responses in Northeast Shark
Slough?

What methods of seepage control are the
most ecologically desirable?

How does water management East of the
Coastal Ridge affect recharge and flow
within the Biscayne aquifer?

What treatment and monitoring program
will ensure adequate quality of water being
put into the park?

Monitoring and assessment of
pilot project information

EIS Review, Section 7 Consultation, and
CAR
L-31N Seepage Management
Draft: March 2006
Final: March 2007
ENP Seepage Management
Revised PMP September 2005

Additional research and
modeling are needed to
determine how seepage control
actions will affect groundwater
flows and recharge within the
surficial aquifer and delivery of
groundwater between the
Everglades and Biscayne Bay.

Water Preserve Areas

Baseline surveys for long-term
monitoring comparison

Post-implementation monitoring and
assessment
Project Completion: TBD

Lakebelt In-Ground Reservoir Technology Pilot Project

What parameters and locations should be
monitored to determine the water quality?

Groundwater assessments of
water quality inside and outside
seepage barriers of deep lakes

Post-implementation monitoring and
assessment
Project Completion: September 2011

L-31N Seepage Management Pilot and Everglades National Park Seepage Management

What monitoring projects are required to
assess the long-term effects of the
seepage control structures?

Water Preserve Areas

Project Purpose and Major DOI Interest

The Water Preserve Area (WPA) Projects consist of nine components?® encompassing 190,000 acres. The
shared purposes of these projects are (1) to retain more water in the natural system by reducing seepage
losses from the Everglades, (2) to capture, store, and if necessary treat stormwater currently discharged to
tide for other uses, such as recharging wellfields, and (3) to provide fish and wildlife benefits where

possible while meeting water management goals.

Monitoring and assessment of
pilot project information and
biomonitoring

Post-implementation monitoring and
assessment
L-31N Seepage Management
Original Completion Date: June 2006 -
Delayed
ENP Seepage Management
Project Completion: September 2013

3The WPA components are Acme Basin B Stormwater Treatment Area (STA) and Impoundment; Strazzula Wetlands; Agricultural
Reserve Reservoir; Hillsboro Impoundment; Broward County WPA; WCA 3A /3B Flows to Central Lake Belt; WPA Conveyance;
Bird Drive Recharge; and Eastern C-4 Structure and WCA-2B Flows to Everglades National Park.
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Conceptually, the projects incorporate an interconnected series of marshlands, reservoirs, and aquifer
recharge basins east of the Everglades Water Conservation Area. The resulting mosaic of wetlands,
buffers, and reservoirs will make possible and complement several CERP water storage projects planned
for the future (2010-2020). The WPAs will contribute to natural system water quantity through storage
and seepage management. Other benefits include increased aquifer recharge and surface water storage
capacity. Together these projects will enhance regional water supplies for urban and agricultural uses and
increase the spatial extent of wetlands, providing vital habitat connectivity for species that require large
unfragmented tracts of land for survival.

Water preserve areas have the potential to affect nearly all areas within the Everglades Protection Area,
which comprises the WCAs, Everglades National Park, and the Arthur R. Marshall Loxahatchee National
Wildlife Refuge. DOI has a great interest both in the quantity, timing, and distribution of water deliveries
to these areas and in the quality of the water delivered. The primary water quality concerns are the risk of
contaminants associated with the rehydration of former agricultural lands. Water soluble contaminants,
such as methyl mercury, phosphorus, and nitrogen, are expected to be found in WPA project areas. Initial
inundation may lead to water quality issues, as contaminants in the soil are liberated or mobilized.

Five federally listed species are present in the project area: West Indian manatee, wood stork, Everglade
snail kite, eastern indigo snake, and Cape Sable seaside sparrow.

DOI will recommend improvements in the design and operation of the aboveground reservoirs to
provide ancillary benefits to fish and wildlife wherever possible.

What Is Known

Water quality in South Florida has been the target of extensive field and laboratory investigation over the
past two decades, but only recently has there been considerable scientific and technical investigation of
large water storage areas (WPAs and STAs) and their use in improving water quality. The SFWMD’s 2002
Consolidated Everglades Report summarizes the current scientific knowledge about the water quality effects
of nutrients and mercury in the Everglades.

What Is Needed

Baseline surveys for long-term monitoring comparison. Surveys will measure baseline conditions
(water quality, flora, and fauna) as a reference for future evaluations of post-restoration response to
hydrologic change. Long-term monitoring of plant and animal communities and biomonitoring within
the WPAs should be initiated to generate data sets to be used for adaptive management of hydrologic
restoration targets. Baseline, mid-project, and post-project monitoring will determine the effects of WPAs
on migratory and federally listed species. Post-project vegetation studies will be conducted on target
plant communities to monitor the success of hydrologic restoration of wetlands and to provide
information for effective adaptive management.

Environmental risk assessments of water-quality contaminants. This is another project with potential
for ecological effects associated with increases in toxic contaminant loads in stored waters. Studies will be
conducted to assist the USACE in designing techniques to minimize water quality degradation during the
conversion of agricultural land to water storage areas. Other studies will focus on improving water
quality within the conveyance and seepage canals during operation.

Research and possible model refinement to establish operating protocols. Many studies have
documented the importance to fish and wildlife of maintaining plant diversity, providing horizontal and
vertical vegetative structure, tree islands, snags, underwater substrate, and deep water zones within
artificial water bodies such as aboveground reservoirs. The hydrologic requirements of some species are
well documented; however, an integrated approach will be needed to address the needs of multiple
species.
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DOI needs to identify operating protocols to achieve desired hydrologic targets appropriate for each of
the WPAs. These operating protocols will have a specific target or range and will be used to indicate how
well, or poorly, each WPA alternative meets project objectives for restoration.

These operating protocols will help determine how to best manage the fringes of the marsh to achieve
water storage, reduced seepage, maintain aquifer recharge, and other project objectives. The hydrologic
targets need to address appropriate timing, cleanliness, and distribution to replicate natural function in
the marsh. The operational protocols should provide water managers more flexible management
techniques based on actual rainfall (real-time conditions) rather than projection of annual averages, in
order to avoid engineering the wetlands into an unnatural state. Monitoring and assessment will continue
to provide information that will help evaluate the response of the system to the new operating
parameters.

Research to support design and operational rules to enhance fish and wildlife resources. FWS needs to
identify ways in which the WPA projects can be managed and operated to provide favorable habitat for
fish and wildlife while maintaining the water management functions. An important design consideration
will be to ensure that there are adequate dry season refugia, such as alligator holes, to accommodate
species during dry seasons.

Seepage measurements. Research regarding the design, implementation, and management of water

storage areas of this magnitude does not currently exist. The seepage management pilot projects need to
be completed and analyzed to provide the information needed to fully implement this program. 4

Lakebelt In-Ground Reservoir Technology Pilot Project

Project Purpose and Major DOI Interest

In Palm Beach and Broward Counties, the water
preserve areas will be implemented as
aboveground impoundments, but in Miami-Dade
County the highly permeable aquifer precludes the
use of aboveground impoundments and requires
in-ground reservoirs. Rock mining in Northwest
Miami-Dade County has created many large rock
quarries at depths up to 80 feet. These quarries are

Lake Belt In-Ground Pilot Project Area

Proposed Locations for
Full eround
Storage Arcas from Restudy

<,

. oy proposed for use as deep water lakes that will
_ A : ' Pot?;?ie:lliailot provide water storage capacity in southwest Miami-
£ S / ‘ Dade. The in-ground reservoirs will be designed to
store stormwater runoff or WCA water during the
SE wet season when levels are too high in the WCAs

and to deliver water during the dry season.

/ Tamiami (C-4) Canal
—

\ i N Due to the porous nature of these pits, water
1 storage without a seepage barrier around them
would cause the water to enter the surficial
Figure 1.1 e groundwater aquifer system, raising the water table

and causing flooding. Drawing water from these
areas without a seepage barrier would impact
wellfields, drain adjacent wetlands, and increase seepage from the water conservation areas to the west.

4See “L31N Seepage Management Pilot Project,” page 54.
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The Lake Belt In-Ground Reservoir Technology Pilot Project was initiated to address uncertainties with
using seepage barriers in four CERP components: Central Lake Belt Storage Area; North Lake Belt
Storage Area; L-31N Levee Seepage Management; and L-8 / C-51 Reservoir. The uncertainties include
appropriate construction technologies, storage efficiencies, impacts on local hydrology, and water quality
effects. Water quality assessments will include a determination as to whether the in-ground reservoirs
and seepage barriers will allow for storage of untreated waters without concern for groundwater
contamination. Upon completion of the pilot, the USACE will be able to better design the in-ground
water storage projects listed above.

The proposed design of the full-scale in-ground reservoirs will enclose approximately 15 square miles of
existing rock mines and areas permitted for future excavation with seepage barriers. The Lake Belt Pilot
Project will involve installing a seepage barrier around an existing smaller rock-mined area with geology
similar to the geology at the proposed locations for the full-scale in-ground reservoirs.

The in-ground reservoir projects are of particular interest to DOI because they will provide important
flows into Everglades and Biscayne Bay National Parks that are needed to achieve restoration. The overall
purpose of the North and Central Lake Belt Storage Projects will be to store excess water and provide
environmental water supply deliveries to Northeast Shark River Slough, WCA-3B, and Biscayne Bay. In
addition to concerns about how the water will be delivered into the wetlands,> DOI is concerned with the
quality of water discharged from the in-ground reservoirs. The depth of these lakes and their method of
construction ensure connection with deep groundwater strata typically containing high concentrations of
dissolved solids, whose potential effects on the ecosystem are unknown. One of the signature features of
un-impacted Everglades waters is relatively low concentrations of dissolved solids, especially as
compared to ground water. Increases in dissolved solids due to the connection of deep groundwater
strata to surface water could be problematic.

DOl is also interested in the potential to design these projects to be as compatible as possible with wildlife
use without interfering with their primary purposes and to ensure that the barriers used to confine the
reservoirs will not adversely effect groundwater flow into the natural areas further south Deep water
lakes exhibit characteristics that would be very different from those typically experienced by Everglades
plants and animals. DOI managers need to understand the management issues raised by these differences
so that they can recommend design improvements to the USACE that will benefit fish and wildlife and
mitigate any potential impacts on vegetation.

What Is Known

Dissolved solids concentrations in the Everglades have increased over decades as the result of
agricultural and urban development. The ecological impacts of these increases are currently being
investigated.

What Is Needed

Information about the effectiveness of seepage barriers in Lake Belt reservoirs. Construction of
seepage barriers around the rock pits may alleviate the concerns associated with storing and removing
water from these in-ground reservoirs; however, seepage barrier technology of this magnitude has not
been used in South Florida, which creates uncertainties regarding constructability, storage effectiveness,
groundwater impacts, and water quality effects.

Research to determine the ecological function of deep lakes. From an ecological standpoint, there are
no similar deep water habitats in the Everglades, so the ecological value and function of large acreages of
such habitats are unknown.

5 Water deliveries are addressed under the DECOMP and CSOP Projects, pages 67 and 71.
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Research into biochemical processes that occur in deep lakes and how they will affect outflow.
Research into the biogeochemical processes that will occur in these very deep lakes, and how those
processes will affect the water quality of the outflow, will be needed to determine the extent of necessary
treatment, so that the outflow will be of adequate quality to discharge into natural areas.

Groundwater assessments of water quality inside and outside seepage barriers of deep lakes.

Assessments of water quality at various locations will aid in determining the locations to be monitored
over time to assess effects on water quality .
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L-31N Seepage Management Pilot and Everglades National Park Seepage
Management

L31N Project Map Project Purpose and Major DOI
/ Interest

ean ANorth Urban and agricultural development
of Miami-Dade County has
substantially reduced the area of the
A . Northeast Shark Slough (NESS)

S drainage basin. This in turn has

WCOA A

Tamiami Trail __° €4 Tamiarni Caral substantially reduced the amount of

flow through the marsh and into
Uﬂ* Miami-Dade West Wellfiald downstream estuaries. In addition,
a2l - large seepage losses occur to the east
- ) ! as a result of an extremely permeable
SR groundwater flow system and large
water level differences between the
slough and the developed areas to the
east. These two factors have caused

L-31N Project Area Map (Not drawn to scale) reduced hydroperiOds and water
depths in the slough. Most of the

Everglades
National
Park

b
|

seepage water is intercepted by the L-
31N canal and is routed into south Dade, where it frequently causes other water-related problems.

The CERP plan contains several components to control seepage out of natural areas. The most complex
seepage management projects are the L-31N Seepage Management Pilot Project and the Everglades
National Park Seepage Management Project, which together are intended to investigate then apply the
most appropriate and effective technology to control and manage the large volumes of water currently
lost from Northeast Shark Slough to the urbanized lower east coast. The two projects are considered
together because the science needs are similar.

The purpose of the pilot project is to investigate seepage management technologies and to determine the
appropriate amount of wet season groundwater flow to return to Everglades National Park while
minimizing the impacts to downstream water users such as Miami-Dade County and Biscayne National
Park. This pilot is expected to provide the technology needed to reduce levee seepage flow across L-31N
adjacent to Everglades National Park and to reduce groundwater flows during the wet season by
capturing groundwater flows with a series of groundwater wells adjacent to L-31N then backpumping
those flows to Everglades National Park.

The purposes of the Everglades National Park Seepage Management Project are to improve water
deliveries to Northeast Shark River Slough and to restore wetland hydropatterns in Everglades National
Park by reducing levee and groundwater seepage and increasing sheetflow. This project will reduce levee
seepage flow across L-31N adjacent to Everglades National Park. Groundwater flows during the wet
season will be captured and pumped back to the park. Water from upstream natural areas will be
diverted into a buffer area adjacent to the park, where sheetflow will be reestablished. Further, this
project includes relocation of the Modified Water Deliveries Project structure S-356 to provide more
effective water deliveries to Everglades National Park. The increased flows into Northeast Shark Slough
resulting from the Modified Water Deliveries Project will increase the potential for seepage from the
slough, and pump station S356 is intended to return this additional seepage flow back to the slough.
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New discharges to the park will be designed to meet applicable water quality criteria. Scheduled to begin
at the conclusion of the pilot study, the project is slated for completion in 2013.

Improved water deliveries are expected to improve the ecological conditions in Northeast Shark River
Slough and in the downstream estuaries. Reduced hydroperiods in the slough resulting from seepage
losses have caused negative ecological impacts such as invasions of non-wetland species, and have the
potential to disrupt nesting of alligators and wading birds, including wood storks. Evidence suggests that
flow volumes and/or velocities are also important to maintaining the ridge and slough landscape.

What Is Known

Northeast Shark Slough has been the focus of numerous hydrologic investigations in recent years, and a
reasonable hydrologic database is available. Extensive water level monitoring is currently being
conducted by the NPS and the USGS. Outside of Everglades National Park, flow in L-31N, a direct
indicator of seepage, is measured, and the SFWMD keeps detailed records of water levels and estimated
flows at all of the C&SF structures. A relatively long database related to fish communities in Northeast
Shark Slough is available and has been used in conjunction with hydrologic data to develop linkages
between the hydrology and the response of aquatic communities. Wading birds and American alligators
are among the keystone species that are routinely monitored in this area. Water quality is also monitored
at several structures in the footprint of this project, and the monitoring data could be used as baseline
water quality information.

A number of studies conducted by the USGS and others document the geology and hydrologic
characteristics of the surficial aquifer. Additional studies provide more focused information about the
subsurface characteristics of the West Dade Wellfield, located just 2 miles east of L-31N, and the rock-
mining area located adjacent to L-31N.

Several hydrologic models are available for use in this area. The USGS has calibrated and verified
MODBRANCH, which combines a widely used groundwater model (MODFLOW) with a one-
dimensional model for canals and structures (BRANCH). This model has seen wide use in South Florida
and is a viable candidate for use in evaluating alternatives for seepage management. The SFWMD has
nearly completed development of the RSM, which also could have applications in these projects.

What Is Needed

Monitoring and assessment of pilot project information. Monitoring and analysis of the pilot project
information will address most of the management questions. Hydrologic monitoring and assessment will
evaluate the physical response of the system and any impacts to downstream water supply. Ecological
monitoring and assessment of vegetation changes and impacts on American alligators and wading birds
will address the ecological response to the physical changes in the system. In addition, water quality
monitoring and biomonitoring will assess potential impacts to the system from introduction of water
from other sources.

Determination of the source of flow. An additional flow gauge in the canal at the L29 intersection will
support a determination of the source of flow measured by the other gauges.

Research and possible model refinement to establish operating protocols. Research will be conducted
to determine the appropriate hydrologic response to rainfall and to translate that information into
appropriate performance targets for input into the design and operating rules to manage water levels and
flow volumes.

Research to define how back pumping and groundwater hydraulic gradients affect the flow of water
and groundwater recharge in the surficial aquifer. Further research to assess the origin and the amount
of water delivered to the coastal estuaries, Biscayne Bay, Card Sound and Barnes Sound via freshwater
and groundwater flows.
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Additional research and modeling are needed to determine how extensive seepage control actions will
affect groundwater flows and recharge within the surficial aquifer and ultimate delivery of
groundwater between the Everglades and Biscayne Bay. Modeling is needed to quantify the amount of
water east of the Coastal Ridge that is entering the coastal estuaries. Better definition of the hydrologic
framework and geohydrology of the Biscayne aquifer and overlying confining soils and sediments are
needed. Baseline high-resolution groundwater level monitoring is needed between WPAs, Everglades
National Park, and groundwater connection to Biscayne Bay. Further, research is needed to understand
how changing water levels will affect groundwater flow within the surficial aquifer and how changing
water levels, increase in flood duration in the natural system, and seepage management will affect the
recharge of this aquifer, and, ultimately, groundwater flows to Biscayne Bay.
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Lower West Coast
PROJECTS
1. Southwest Florida Feasibility Study
2. C-43 Basin Storage Reservoir

2
3. Picayune Strand Hydrologic Restoration
1
4. Henderson Creek/Belle Meade Restoration
3
&
/
™

Overview

Florida lies beyond the range of most CERP projects and models. The C&SF Project Comprehensive Review
Study recommended a feasibility study to identify southwest Florida water resource conditions and to
develop potential solutions to any problems that might be identified. DOI has a great interest in this area,
which covers approximately 4,300 square miles and includes two major drainage basins and the largest
subtropical mangrove estuarine ecosystem in the United States. Lands under DOI stewardship include
the J.N. “Ding” Darling and Florida Panther /Ten Thousand Islands National Wildlife Refuges, Big
Cypress National Preserve, and Everglades National Park.

Drainage to support intensive urbanization has significantly decreased coastal wetlands and altered the
freshwater inflows and salinity in the southwest coastal estuaries and bays. A principal goal for all of the
southwest Florida hydrologic restoration projects is the reestablishment of natural freshwater flows and
salinity in these areas. The Henderson Creek/Belle Meade Restoration Project and the Picayune Strand
Hydrologic Restoration Project are similar projects that propose to meet this goal through a combination
of rehydrating wetlands, removing barriers to sheetflow, and reducing canal point discharges.

Because the 2 x 2 Model does not have a database that includes southwest Florida, the SFWMD has
created a regional hydrologic model, the MIKE-SHE, to fill this gap, and it is being used to predict how
water will change under different alternatives. A fully verified regional physical model needs to be
developed and integrated with ecological models to more accurately predict salinity patterns and the
responses of biological communities and species to hydrologic changes.

Landscape level restoration in southwest Florida may require decisions that favor one species or trophic
level over another or that maximize biodiversity within an ecological system. Assessment tools to support
this level of decision making are a critical priority of long-term regional resource planning. Species of
particular concern in southwest Florida include such far-ranging species as the Florida panther, West
Indian manatee, wood stork, and migratory birds.

DOI managers can most effectively participate in CERP projects during three project stages: (1) NEPA

scoping in the early stages of project design, to help ensure that hydrologic targets accurately reflect the
natural pre drainage conditions, (2) review of project alternatives, to ensure that fish and wildlife and
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parks are adequately considered in compliance with DOI mandates, and (3) monitoring and assessment
of project results, to support project modification if needed to ensure that the intended conditions are
achieved. The major questions that DOI managers need to answer at each stage to effectively fulfill their
responsibilities as partner and steward are summarized below, along with the highest priority science
needs for answering those questions. This information is discussed in greater detail for each individual
project following this summary.

SUMMARY OF DOI SCIENCE NEEDS RELATED TO THE LOWER WEST COAST

Major DOI
Responsibilities Major Unanswered Questions Needed Science Timeline
and Interests
Southwest Florida Feasibility Study
What hydrologic targets will support the Modeling to predict temporal and NEPA Scoping
restoration of predrainage ecological spatial variations in hydrologic Completed
conditions, including short hydroperiod conditions
(ephemeral) wetland habitats, in this area?
Modeling to predict temporal and
spatial salinity patterns in estuaries
What are the critical links between
hydrology, water quality, and ecological
responses in southwest Florida?
Help ensure that
hydrologic C-43 Basin Storage Reservoir
performance targets
accurately reflect the  What hydrologic targets will achieve natural ~ Modeling to determine natural flows NEPA Scoping
natural predrainage flows in the Caloosahatchee River? in the Caloosahatchee River May 2004
hydrology and
ecology (DOl CERP :
partnership Henderson Creek / Belle Meade Restoration
rEEERnE ol What are the hydrologic targets for Additional analysis of Henderson NEPA Scoping
freshwater inflows into the mangrove Creek/Rookery Bay hydrology TBD
estuaries and Rookery Bay?
Research and possible model
What are the operating protocols needed to  refinement to establish operating
establish rainfall-driven operations? protocols
Picayune Strand Hydrologic Restoration
What are the hydrologic targets for Refinement of the MIKE-SHE Model NEPA Scoping
freshwater inflows? Completed

Help ensure that
hydrologic
performance targets
protect threatened
and endangered
species and promote
fish, wildlife, and
park values
(consultations on
project design
related to DOI
stewardship
responsibilities)

How do hydrologic and water quality
targets relate to the landscape-scale
assemblage of habitats needed to support
the area’s fish and wildlife resources and
particularly the wide-ranging species, such
as the Florida panther, West Indian
manatee, Florida black bear, wood stork,
and other migratory and wading birds?

How will hydrologic restoration contribute
to the recovery of listed species particularly
the West Indian manatee, and to the
protection and enhancement of fish and
wildlife values?

Southwest Florida Feasibility Study

Modeling to predict trophic- or
species-level responses to habitat
changes

C-43 Basin Storage Reservoir

Geographic information system
(GIS) mapping for habitat database

Modeling of West Indian manatee
responses to habitat changes
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Draft: March 2008
Final: May 2009

EIS Review, Section 7 Consultation,
and CAR
Draft: May 2006
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SUMMARY OF DOI SCIENCE NEEDS RELATED TO THE LOWER WEST COAST

Major DOI
Responsibilities
and Interests

Help ensure that
hydrologic
performance targets
protect threatened
and endangered
species and promote
fish, wildlife, and
park values
(consultations on
project design
related to DOI
stewardship
responsibilities)

Assess the
responses of
ecological
communities and
species as a basis
for adaptive
management
(continuation of DOI
responsibilities
outlined above)

Major Unanswered Questions

Needed Science

Timeline

Henderson Creek / Belle Meade Restoration

What are the links between freshwater
flows and ecological responses in the
upland areas and the receiving water
bodies of Rookery Bay?

Picayune Strand Hydrologic Restoration

What are the anticipated effects on the
threatened and endangered species in the
project area, and particularly the West
Indian manatee, Florida panther, and wood
stork?

What alternative will provide the most
benefits for fish and wildlife resources?

What are the key indicators of the desired
ecological responses?

What are the effects on threatened and
endangered species?

Henderson Creek / Belle Meade Restoration

What are the key ecological indicators and
how will they respond to the desired flow
regime?

Picayune Strand Hydrologic Restoration

What are the effects on wildlife within the
Ten Thousand Islands NWR?

What are the hydrologic effects on
receiving waters south of the project area?

What are the effects on threatened and
endangered species?

What is the ecological response to
hydrologic change?

Modeling to predict the relative
abundance and spatial distributions
of estuarine fish and
macroinvertebrates

Synthesis and study of the impacts
of altered hydrology on the Florida
Panther NWR

Modeling to predict changes in
hydrology and ecology in the Ten
Thousand Islands NWR

Southwest Florida Feasibility Study

Identification and monitoring of key
indicators and communities is
needed for assessing hydrological
restoration efforts and accompanying
water quality concerns

C-43 Basin Storage Reservoir

Monitoring of bird species:

. bald eagle

. Audubon’s crested caracara
. Everglade snail kite

. wood stork

Monitoring of West Indian manatee
responses to habitat changes

Identification and monitoring of

indicator species:

. euryhaline and stenohaline
crabs

eastern oyster

Baseline data and monitoring of
effects on wildlife within the Ten
Thousand Islands NWR

Monitoring of water flows and water
quality in receiving waters south of
the project area

Monitoring of effects on federally
listed species affected by the project:
. West Indian manatee

. Florida panther

. wood stork

Monitoring of ecological responses

to hydrologic change:

. amphibians

. aquatic invertebrates and
fishes

. wading birds

. crab, oyster, fish, and marine
invertebrates in estuaries
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EIS Review, Section 7 Consultation,
and CAR
TBD

EIS Review, Section 7 Consultation,
and CAR
Complete

Post-implementation monitoring and
assessment
Project Completion:
TBD

Post-implementation monitoring and
assessment
Project Completion: April 2011

Post-implementation monitoring and
assessment
Project Completion:
TBD

Post-implementation monitoring and
assessment
Project Completion: TBD
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Southwest Florida Feasibility Study

Project Purpose and Major DOI Interest

The C&SF Project Comprehensive Review Study recommended a feasibility study to identify southwest
Florida water resource conditions and to develop potential solutions to any problems that may be

STUDY AREA identified. Although most of southwest Florida
lies outside the area covered by the CERP
,—I ' models, it is known that dredging, filling, and
] channelization have altered the hydrology of

this region, resulting in significant adverse
effects on native habitats and wildlife. Lee
County alone has lost 19% of its original
mangrove forests.

The project area includes the Caloosahatchee
and Big Cypress watersheds. Historically, the
Caloosahatchee River was a shallow,
meandering 50-mile-long drainage. This
watershed includes a pristine mangrove-
dominated estuary, a habitat unique in the
continental United States. Mangroves support
Feasibility Study fish and macroinvertebrate communities by

- providing protected nursery areas and food for

5. 0 & 1015 a multitude of important commercial and
e 1. recreational marine species.

Monroe

Southwest Florida

Study Ama

As a result of dredging and channelization beginning in 1884, the river now extends 71 miles from Lake
Okeechobee to San Carlos Bay. The river is managed by three locks, the most downstream of which also
serves as a barrier to salinity and tide within the 26-mile-long estuarine portion of the Caloosahatchee
River. Water releases from Lake Okeechobee occur through a series of locks when lake levels exceed the
USACE criteria for flood protection.

The Big Cypress watershed of the region drains to the coastal marshes and mangrove swamps of Estero
Bay, Rookery Bay, and the Ten Thousand Islands. This area includes extensive urban and agricultural
development as well as public land holdings and has historically been one of the most rapidly developing
areas in the nation. There are a significant number of canals and structures in the watershed, the
operation of which affect interior wetlands and receiving waters.

The Southwest Florida Feasibility Study will address the health of upland and aquatic ecosystems in this
4,300 square mile area and consider a variety of parameters, including water flow, water quality, water
supply, maintenance of existing flood protection, wildlife, biological diversity, and natural habitat. Given
the large amount of public land in the study area, a major goal is to define the hydrologic linkages among
nearly 30 federal, state, or county-managed areas and to coordinate the management and stewardship of
these areas. DOI needs to continue its technical support role with the USACE through alternative
development and subsequent project design and implementation.

The study area contains a number of wetland communities of significant concern to DO], particularly

short-hydroperiod freshwater marshes and wet prairies, seagrass beds, and mangrove forests. Up to 20
federally listed species and their critical habitat or experimental populations may occur within the study
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area. Southwest Florida likely represents the most important region of Florida in supporting wide-
ranging listed species, such as the Florida panther, Florida black bear, and wood stork. Okaloacoochee
Slough encompasses approximately 140,000 acres of primary habitat for Florida panthers. Area wetlands
support the nation’s largest historical wood stork rookery, the remnant of which is protected in
Audubon’s Corkscrew Swamp Sanctuary. Forty-three species of migratory nongame birds of
management concern are supported by the southwest Florida ecosystem. Seagrass beds off the southwest
Florida coast provide habitat and nursery grounds for many fish and invertebrate communities and are
especially important in benthic-based primary productivity. West Indian manatees, waterfowl, fish, and
wading birds rely heavily on seagrass systems as forage areas.

What Is Known

Studies have been completed on the function of ephemeral wetlands (seasonal ponds, freshwater
marshes, isolated wet prairies, and hydric flatwoods) to establish those environmental characteristics
critical to the survival and health of the numerous species adapted to the wet-dry annual seasonal
regimes of South Florida. The wetland communities with the largest loss in the study area are short-
hydroperiod freshwater marshes and wet prairies. Many species have life history cycles that are
especially adapted to take advantage of the temporal nature of these habitats. These habitats also serve as
seasonal refuges for species that are unable to survive or adapt to the altered hydrological cycles resulting
from development. As water tables are lowered, the viability of these isolated ephemeral wetlands is
reduced.

Background research and modeling, including a predevelopment vegetation map, a conceptual ecological
model, and a regional simulation hydrological model (RSM), have been completed.

What Is Needed

Modeling to predict temporal and spatial variations in hydrologic conditions. Models that integrate
sheetflow and groundwater conditions are needed to predict the temporal and spatial variations in
hydrologic conditions that will occur with simulated depths of inundation in freshwater wetlands.

Modeling to predict temporal and spatial salinity patterns in estuaries. A principal goal for all of
southwest Florida’s hydrological restoration projects is the reestablishment of the minimum freshwater
flows, and the elimination of freshwater point-source discharges, needed to restore more natural
hydrology —and particularly salinity patterns—in estuaries. To have meaningful input into project
targets, DOI managers will need to (1) understand how the hydrologic conditions in the estuaries are
expected to change in response to hydrologic changes in the watershed and other restoration efforts, and
(2) make assumptions about how the expected changes relate to the natural, predrainage hydrologic
conditions in the estuary. The best tool for providing this information would be a fully calibrated and
verified regional salinity model supported by continuous monitoring and other data acquisition.

This will require the development and calibration of estuarine mixing/circulation models. In order to
predict the spatial and temporal salinity patterns in estuaries following upstream restoration, the
dynamics of tidal and freshwater mixing must be understood. Hydrological modeling techniques now
exist to allow development of these models. Once modeled, the effectiveness of estuarine restoration can
be tested by comparing predicted salinity patterns with those empirically measured. Existing models
such as the 2 x2 Model and the NSM do not cover the feasibility study area. The hydrological model
developed for the feasibility study area does not extend to the estuaries.

Modeling to predict trophic- or species-level responses to habitat changes. Development of evaluation
tools to support landscape-level decision making is a critical priority for long-term regional resource
planning. Ecological models needed for southwest Florida include (1) Florida panther response to habitat
quality and quantity and changes in these habitats, (2) West Indian manatee response to changes in
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freshwater outflow and changes in seagrass distribution in estuaries due to watershed restoration
activities, (3) migratory bird response to losses of forested ecosystems, and (4) wood stork response to
alterations in wetland hydrology.

Identification and monitoring of key indicators. Research is needed to identify plant, invertebrate and
vertebrate species that are diagnostic of particular hydrological conditions and that are responsive to

hydrologic and water quality changes in the region.

C-43 Basin Storage Reservoir
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Project Purpose and Major DOI Interest

The Caloosahatchee River once had an undistinguishable connection to Lake Okeechobee and probably
received overflow from the lake only in abnormally wet years. The river was shallow and had numerous
oxbows. Flooding was common. Water development activities, including the direct connection of the
river through the C-43 canal to Lake Okeechobee, has highly altered the hydrology of the river and basin.

The purpose of this project is to capture Caloosahatchee River Watershed (C-43 basin) runoff and releases
from Lake Okeechobee. The reservoir will be designed for environmental, urban, and agricultural uses,
water supply benefits, flood attenuation, and water quality benefits in terms of reduced salinity and

nutrients in the Caloosahatchee Estuary.

Although WRDA 2000 did not specifically authorize construction of the C-43 Basin Storage Reservoir
Project, WRDA authorized its inclusion in the development of a Project Implementation Report as part of

the CERP.

This project is the first part of the C-43 Basin Storage Reservoir and ASR component. The project includes
an aboveground reservoir with a total storage capacity of approximately 160,000 acre-feet located in the
C-43 basin in Hendry, Glades, or Lee Counties. The initial design of the reservoir assumes 20,000 acres
with water levels fluctuating up to 8 feet above grade. The final size, depth and configuration of this
facility will be determined through more detailed planning and design. The C-43 reservoir will also be
operated in conjunction with the Caloosahatchee Backpumping Project, which includes a stormwater
treatment area for water quality treatment. If the level of water in the reservoir exceeds 6.5 feet and Lake
Okeechobee is below a predetermined level, then water is released and sent to the backpumping facility.
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In order to restore the downstream estuaries, the proposed reservoir and STA must be located within the
watershed.

The Caloosahatchee River basin contains both wetland habitats (freshwater swamps, sloughs, marshes,
and estuaries) and upland habitats (pine flatwoods, temperate oak/palmetto hammocks, tropical
hammocks, dry prairie, and xeric scrub communities). Although classified as distinct habitats, these
systems form an interdependent mosaic, particularly for wide-ranging, imperiled species such as the bald
eagle, Audubon’s crested caracara, Everglade snail kite, and wood stork. The Caloosahatchee basin is also
an important area for panther recovery. Also, a vital portion of the regional West Indian manatee
population resides seasonally and/or year-round in the Caloosahatchee River and estuary.

The FWS is in the process of providing site and design recommendations to the USACE to reduce the
direct and indirect impacts of the reservoir and STA on the habitat of threatened and endangered species
in the project area. Even if large man-made reservoirs and STAs are sited in agricultural areas of
relatively low habitat value, their long-term presence and operation in the Caloosahatchee watershed will
modify the habitat quality for the four federally listed bird species (bald eagle, Audubon’s crested
caracara, Everglade snail kite, and wood stork) and perhaps other species, as well.

The flows from the Caloosahatchee River into the estuary directly affect the J. N. Ding Darling National
Wildlife Refuge and also habitat on other public and private lands. A comprehensive conservation plan to
comply with the National Wildlife Refuge System Improvement Act of 1997 is currently in preparation.
The FWS is in the process of providing recommendations to reduce the direct and indirect impacts of this
project on habitats throughout the watershed. As part of its analysis, the FWS will estimate the incidental
take for all of the listed species when the preferred alternative is identified by the USACE.

What Is Known

A great deal of information on the manatee population in the Caloosahatchee River basin and the
connecting C-43 basin has been collected and analyzed. Periodic surges of freshwater discharged into the
Caloosahatchee River and its estuary during high rainfall events negatively impact the salinity level and
habitat needs of the estuary. In addition to rapid salinity changes, these freshwater inflows affect nutrient
loads and water transparency, which also control seagrass survival and distribution. Seagrasses support
the estuarine food web and affect the distribution and movement patterns of manatees. The geographic
distribution of food, warm-water refugia, freshwater sources, and the risk of boat-caused injury and
mortality in the Caloosahatchee basin are factors that affect the recovery of the endangered manatee in
this area.

What Is Needed
Modeling to determine natural flows in the Caloosahatchee River

Monitoring of bird species. Once sites are selected for these facilities, DOI will need to assess the type
and degree of project impacts on federally protected species in the project area (bald eagle, Audubon’s
crested caracara, Everglade snail kite, and wood stork). DOI must use time and resources efficiently and
quickly to collect and analyze baseline data and to synthesize it into recommendations that will assist the
USACE in the design and construction of these facilities in ways that will minimize negative impacts on
species and maximize potential benefits. After construction, habitat use at the facilities and in adjacent
areas will be monitored, and the data analyzed to provide input into the adaptive management phase of
the project. Indirect impacts related to the operation of the water management structures cannot be
accurately predicted until operational plans are refined after construction and testing, at which time the
FWS will need to reassess the indirect take these facilities will cause within the watershed.
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Geographic information system (GIS) mapping for habitat database. The GIS-based tool the FWS has
developed to map habitats for consideration in siting structures for the Lake Okeechobee Watershed
Project will be refined and expanded with additional data for use in site selection that considers fish and
wildlife values in the Caloosahatchee basin. ¢

Modeling and monitoring of West Indian manatee responses to habitat changes. DOI will use the
current database and best available science to provide input to the USACE to reduce impacts on
manatees. As more information is collected and analyzed, predictions of how manatee behavior will be
affected by anticipated changes in their habitat will be linked to modeling and empirical studies of
estuarine water circulation, salinity, water clarity, and seagrass distribution conducted by the SFWMD.
Comparison of baseline data with post-construction conditions will be used in an adaptive assessment
process to recommend changes in project operation or design to most benefit recovery of the manatee in
this essential portion of its range. The operation of the water-storage and treatment facilities as an
integrated system will be evaluated as part of an adaptive assessment program, and their effects on
seagrasses and manatees will be part of this assessment.

Henderson Creek / Belle Meade Restoration

Project Purpose and Major DOI Interest

The Henderson Creek/Belle Meade Restoration Project is located about 5 miles south of Naples in
southwestern Florida. The area known locally as the Belle Meade is the primary watershed for Henderson
Creek, which drains into the Rookery Bay estuary. Collier County is currently facing unprecedented
urban growth. Canals, roads, planned unit developments, commercial projects, and agriculture have
greatly altered the volume, timing, and quality of freshwater entering the fragile estuarine ecosystems
and severely restricted the ability of the associated wetlands to filter pollutants. While channelization and
development have disrupted this system, acquisition and restoration of the undeveloped lands
surrounding Henderson Creek, which link the watershed and estuary, can stop further hydrologic and
habitat disturbance.

The primary DOI concern is to ensure that flows are managed to avoid unnatural surges of freshwater
into one of the largest expanses of mangrove estuary in North America, part of which is protected inside
the Ten Thousand Islands National Wildlife Refuge near Rookery Bay. The Rookery Bay National
Estuarine Research Reserve and Ten Thousand Islands Aquatic Preserve, under the stewardship of the
National Marine Fisheries Service and the Florida Department of Environmental Protection, are adjacent
to the wildlife refuge. This region provides habitat for 14 federally listed threatened or endangered
animal species, including the West Indian manatee. The bay also provides critical nursery habitat for
commercially and recreationally important finfish and shellfish.

A weir situated north of Highway 41 is the main water control structure on Henderson Creek, controlling
flows into Rookery Bay. Until recently, the weir could not be adjusted to mimic natural freshwater inflow
patterns. Stream-gauging equipment was installed during the spring of 2001 to help regulate flow
through the weir. The appropriate timing and amount of freshwater inflow through the weir on
Henderson Creek need to be determined in order to conserve and protect listed species dependent upon
the estuarine habitat in Rookery Bay.

What Is Known

Water circulation in Rookery Bay is a complex function of freshwater flows, tidal and wind forces, and
local depths. Freshwater enters the bay through surface and groundwater flows and intense seasonal and

¢See the discussion of this topic for the Kissimmee basin, page 27.
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episodic rains. Historically, surface freshwater percolated through wetland flowways before entering
Henderson Creek and the bay.

Hydrologic manipulations and land use changes in the area over the past few decades have significantly
affected the amount of freshwater entering Rookery Bay. Historically, the estuary received freshwater at
about 2,500 cubic feet per second per month (cfs/month), but during the early 1990s the inflows regularly
exceeded 10,000 cfs/month, a fourfold increase. Very high flows from Henderson Creek have
occasionally resulted in rapid drops in salinity in the mid-region of the estuary, with significant impacts
on water quality and biota.

What Is Needed

Additional analysis of Henderson Creek/Rookery Bay hydrology. Restoring this part of the ecosystem
will require greater understanding of the spatial and temporal salinity patterns and the dynamics of tidal
and freshwater mixing in the predrainage estuary and bay. To have meaningful input into project targets,
DOI managers will need to (1) understand how the hydrologic conditions in the estuary will be expected
to change in response to upland hydrologic changes and other restoration efforts, and (2) make
assumptions about how the expected changes relate to the natural, predrainage hydrologic conditions in
the estuary. The best tool for providing this information would be a fully verified regional physical model
supported by continuous monitoring and other data acquisition. If it is not feasible to develop such a
model before the project design phase, less sophisticated models can be used, and assumptions can be
validated or refined during project assessment and adaptive management.

Four major tasks are necessary for this project: (1) understand the estuarine circulation patterns (and if
possible determine salinity distribution under various freshwater inflow regimes), (2) gather temperature
and salinity data across Rookery Bay and Henderson Creek associated with seasonal inflow regimes for
four seasons, (3) map depths and bottom type within Rookery Bay using sonar, and (4) refine and
validate information used to support decisions.

Research and possible model refinement to establish operating protocols

Modeling to predict the relative abundance and spatial distributions of estuarine fish and
macroinvertebrates. Hydrologic and ecological model outputs will be needed to fully evaluate and
predict the potential impacts of restoration alternatives. The Florida Fish and Wildlife Conservation
Commission’s Florida Marine Research Institute has been developing habitat suitability models that
could be linked to the estuarine water circulation models. The modeling can be used to predict how
changes in salinity / temperature patterns could influence the relative abundance and spatial distributions
of important species of estuarine fish and macroinvertebrates.

Identification and monitoring of indicator species. Baseline information about the seasonal distribution
of keystone species during both dry and wet seasons needs to be gathered and correlated with baseline
hydrologic conditions. Modeling and verification of changes in species distribution as the project is
implemented will improve the understanding of the linkages between potential freshwater inflow
regimes from the Henderson Creek weir and the resulting ecological responses.
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Picayune Strand Hydrologic Restoration

Project Purpose and Major
DOI Interest

The Faka Union Canal System,
completed in 1968, includes
approximately 48 miles of canals
intended to drain the proposed
Southern Golden Gate Estates
residential development project.
The resulting hydrologic effect of
these large canals is severe
overdrainage of the area and large
point-source freshwater
discharges to downstream
estuarine systems.

The purpose of the project is to
restore and enhance the fish and

wildlife habitat, particularly wetlands, in Picayune Strand Hydrologic Restoration and on adjacent public
lands by reducing overdrainage. A combination of spreader channels, canal plugs, road removal, and
pump stations will reestablish more natural overland flows and improve the quality of the coastal
estuaries by spreading the freshwater discharges more evenly among the bays and moderating the large
salinity fluctuations currently caused by point discharges from the Faka Union Canal.

The project is located in the Big Cypress watershed of the Everglades region, in an area of approximately
94 square miles in southwestern Collier County. It is surrounded by a number of environmentally
sensitive public lands, including the Florida Panther National Wildlife Refuge, the Ten Thousand Islands
National Wildlife Refuge/National Estuarine Research Reserve/ Aquatic Preserve, the Belle Meade tract
of the Picayune Strand State Forest, and the Fakahatchee Strand State Preserve. Changes in this region of
the Everglades will also affect other parts of the Everglades, including Everglades National Park.

Fifteen federally listed animal species and one candidate fish species are present or potentially present in
the project area. These include the
Florida panther, West Indian manatee,
wood stork, American crocodile, /P

N

Everglade snail kite, red-cockaded
woodpecker, piping plover, eastern
indigo snake, and bald eagle. Five listed Y =75
sea turtle species, one listed fish, and
three candidate fish under the
jurisdiction of the National Marine
Fisheries Service may be affected by the
project.
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What Is Known
It is estimated that the Faka Union
Canal System has increased drainage by LEGEND
16 times faster than historic conditions, = Sarsranon FARA #1
lowered water tables by 2 to 4 feet, and e pLock
reduced the hydroperiod by 2 to 4
mOnthS, resulting ln a dramatic inCrease FISURE 1. Recormmended Plan Southern Golden Gote Estaotes Hydrologle Restoratlon

in forest fires and annual runoff.
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Wetlands in the project area have experienced significant historic losses through land use changes. Pine
forest and freshwater marsh habitats have had the greatest losses in this area since 1900, with 88% of the
pine forests and 59% of the freshwater marshes converted to other uses. The Southwest Florida
Environmental Impact Statement indicates that an average of 508 acres per year of wetland fill was
permitted in parts of Lee and Collier Counties from 1991 to 1998, and incremental losses are projected to
continue. Remaining undeveloped areas are severely stressed by invasions of exotic vegetation, such as
Brazilian pepper and melaleuca

The downstream estuarine systems are also adversely affected. Point-source freshwater discharges into
Faka Union Bay are thought to be five times greater than those that historically occurred, while adjacent
bays now receive less water. Four of the canals in this project flow into one major canal and then into
Faka Union Bay, causing negative impacts to the estuary from freshwater pulses. Biological studies
suggest that the canals have changed the salinity regime of the Faka Union Estuary, which has resulted in
a reduction in submerged aquatic vegetation and a decrease in the estuary’s value to fish and shellfish as
nursery habitat. Species composition and standing stocks of submerged aquatic vegetation and
macroalgae are sensitive to salinity variation. A comparison of information in several studies shows that
seagrass cover in Faka Union Bay and other nearby bays has declined substantially since at least 1970.
Opyster reefs, another critically important estuarine habitat, have been displaced seaward, where they are
more subject to parasitic disease infestations.

What Is Needed

Refinement of the MIKE-SHE Model. Because this model will also be used to support the design of the
project’s structural components, it is important that it accurately predict the hydrologic conditions during
local precipitation events. Further work will update topographic data, predict ground-surface water
interactions, and develop reasonable precipitation amount/ pattern assumptions for the project area.

Modeling to predict changes in hydrology and ecology in the Ten Thousand Islands NWR. A high-
resolution hydrologic model is needed to predict the amounts, locations, and timing of flows through the
Ten Thousand Islands refuge expected to result from this project. This model will be linked to a
vegetation succession model to project ecological conditions and impacts on protected species and
habitats under different water management regimes. Needed investigations will address the relationships
between hydrology and factors such as fire, exotic plants, and aquatic prey species to determine how
changes in hydrology will be expected to affect the distribution and viability of species such as wood
storks, wading birds, and manatees.

Synthesis and study of the impacts of altered hydrology on the Florida Panther NWR. A study is
needed to address how water levels have been altered and the affects of altered water levels and flows on
terrestrial and freshwater wildlife habitats on the Florida Panther NWR, particularly how they have
affected the spread of exotic plants, wading bird feeding and nesting success, and native plant
communities.

Monitoring of water flows and water quality in receiving waters south of the project area. The
extensive fresh and saltwater wetland habitats that exist south of U.S. 41 on the Ten Thousand Islands
NWR and Fakahatchee Strand State Preserve are influenced by freshwater flows and water quality that
have been altered by the Southern Golden Gate development project. A study to obtain baseline water
flow and water quality data prior to Southern Golden Gate Estates restoration, and monitoring of water
flows and water quality after the restoration, will determine what impacts the restoration has on water
quality and quantity entering the wetland habitats south of U.S. 41.

Monitoring of effects on federally listed species affected by the project. Baseline, mid-project, and post-

project studies will be conducted to monitor and determine the direct, indirect, and cumulative effects of
this project on several federally listed species. Monitoring will cover three different habitat zones
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(estuarine, upland, and wetland) that provide habitat for the endangered species such as West Indian
manatee, Florida panther, and wood stork. Baseline data and analysis will provide DOI with the most
current information to aid in developing recommendations to the USACE on siting and design of the
project components. Mid- and post- project monitoring will provide information on the effects of this
project on the different habitat zones and the threatened and endangered species that inhabit them, as a
basis for adaptive management of this project.

Monitoring of effects on wildlife within the Ten Thousand Islands NWR. A synoptic survey needs to
be conducted of the current conditions of key habitats within the Ten Thousand Islands NWR, including
hardwood hammocks, coastal islands, and emergent marsh. Key species including sea turtles, American
crocodile, West Indian manatee, and water birds will be monitored to assess the effects of the project and
guide adaptive management.

Monitoring of ecological responses to hydrologic change. State and federal agencies have begun
baseline monitoring of fish and wildlife in the study area. This information will provide the basis for
post-project analysis to determine if and to what extent hydrological restoration efforts benefit terrestrial
and aquatic species. These studies need to be expanded to include larval sampling for amphibians,
expanded sampling of aquatic invertebrates (including crayfish) and fishes, and standardized breeding
bird survey protocols. Post-project vegetation studies will monitor wetland responses to hydrologic
restoration efforts and provide information needed for adaptive management.

It is important that biological indicator studies be done to determine the effects of changes in freshwater
flows on downstream estuarine communities and to verify the progress of coastal habitat restoration.
These studies should include information on crab, oyster, fish, and marine invertebrate abundance and
distribution in affected estuaries.
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3. Projects to Improve the Quantity, Quality, Timing, and Distribution of Water

Everglades and Biscayne National Parks, Biscayne Bay, and the Florida Keys

PROJECTS
- 1. Water Conservation Area 3
Decompartmentalization and Sheetflow
Enhancement, Part 1 (DECOMP)

4
2. Combined Structural and Operations Plan
(CSOP), Including the C-111 Spreader Canal
1
r 3. Biscayne Bay Coastal Wetlands
2 4. Additional Water for Everglades National
5 Park and Biscayne Bay
2 > 5. Wastewater Reuse Pilot
6 6. Florida Bay and Florida Keys Feasibility
l, Study

W T

Overview

A number of CERP and other hydrologic restoration projects are intended to reintroduce flows from
water storage components into the broad expanse of the northern, middle, and southern Everglades, with
the intent of restoring natural hydropatterns and the sheetflows that historically moved from north to
south through the Everglades into the Gulf of Mexico, Florida Bay, and the other nearshore estuaries. The
CSOP project will develop an integrated structural and operational plan for two other projects: the
Modified Water Deliveries Project, which will improve water deliveries from WCA-3A and WCA-3B into
Everglades National Park, and the C-111 Project, which will create a buffer area between the park and the
urban and agricultural lands to the east. The hydrologic improvements in Everglades National Park are
to occur concurrently with reducing flood damage on the lower east coast. The CSOP project is expected
to restore natural hydrology to Taylor Slough and to improve the hydrology in Shark Slough. The natural
hydrology of Shark Slough will be restored by the DECOMP project, which will remove impediments to
sheetflow in WCA-3A, restoring natural flow paths into WCA-3B and the southern Everglades. The
Biscayne Bay Coastal Wetlands Project will restore these wetlands, recreating an estuarine zone and more
natural freshwater flows into Biscayne Bay.

The CERP recognizes that these interrelated projects cannot, by themselves, provide water in sufficient
quantities to fully achieve the goals of restoring the natural hydrology and ecology of the Everglades and
Biscayne Bay. The Comprehensive Review Study identifies potential sources of additional water, which will
be assessed in the Additional Water for Everglades National Park and Biscayne Bay Feasibility Study. The
Water Reuse Project addresses the possible use of reclaimed water to support natural system restoration.

The Florida Bay and Florida Keys Feasibility Study will determine the additional modifications (in

addition to the restoration of more natural flows through the southern Everglades).needed to restore
natural water quality and ecological conditions to Florida Bay.
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These projects raise a number of issues of critical concern to DOL. First, reintroducing the volume of
sheetflow necessary to mimic the historic hydrology in the southern Everglades will significantly affect
the hydrology in the middle and northern Everglades, where remnant communities and species have
either adapted to the changed hydrology or are so stressed that drastic changes in hydrology during a
transition period may precipitate their decline before a more naturally functioning system can be
established. For example, the restoration of the southern Everglades, which is essential to certain species,
such as the Cape Sable seaside sparrow and Everglade snail kite, raises questions about the protection of
tree islands in the water conservation areas, which is a major DOI priority.

The timing and distribution of water deliveries are critical to Everglades communities. Because these
plant and animal communities evolved under ecological conditions marked by alternating periods of
intensive rainfall and drought, any hydrologic targets based on “average annual” rainfall (the outputs
from the current models) will not adequately reflect the conditions needed to sustain these communities.
The model target levels need to be translated into estimates of water distributions and levels during wet,
dry, and transitional seasons, and during a particular week/day of a particular year. DOI needs to assist
the USACE in developing “rainfall-driven” operating protocols that will mimic the natural timing and
distribution of water into the natural system.

Another concern is the quality of the water being introduced into the natural system from storage
reservoirs on agricultural lands and from deep wells.

Additional research to improve the understanding of linkages between hydrology and ecology in the
Everglades and in Biscayne and Florida Bays, along with the identification and monitoring of indicators
of desired ecological responses, will be critical to enhancing fish and wildlife values and to avoiding
inadvertent impacts to federally protected species.

DOI managers can most effectively participate in CERP projects during three project stages: (1) NEPA
scoping in the early stages of project design, to help ensure that hydrologic targets accurately reflect the
natural predrainage conditions, (2) review of project alternatives, to ensure that fish and wildlife and
parks are adequately considered in compliance with DOI mandates, and (3) monitoring and assessment
of project results, to support project modification if needed to ensure that the intended conditions are
achieved. The major questions that DOI managers need to answer at each stage to effectively fulfill their
responsibilities as partner and steward are summarized below, along with the highest priority science
needs for answering those questions. This information is discussed in greater detail for each individual
project following this summary.
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SUMMARY OF DOI RESPONSIBILITIES AND SCIENCE NEEDS RELATED TO WATER PROJECTS IN
EVERGLADES NATIONAL PARK, BISCAYNE BAY, AND THE FLORIDA KEYS

Major DOI
Responsibilities
and Interests

Major Unanswered Questions

Needed Science Timeline

Help ensure that
hydrologic
performance targets
accurately reflect the
natural predrainage
hydrology and
ecology (DOI CERP
partnership
responsibility)

Water Conservation Area 3 Decompartmentalization and Sheetflow Enhancement

What were the physical and ecological conditions in the
Greater Everglades prior to drainage and modification,
including

. Current and historic hydrologic, geologic,
ecological, and water quality conditions

. physical, chemical, and biological processes
responsible for development and persistence of
soils and geomorphological patterns in the
historical Everglades landscape

What are the hydrologic targets needed to mimic historic
flows, including water depths, timing, and distribution?

Additional research to understand
the linkages among the geologic,
hydrologic, chemical,
climatologically, and biological
processes that shaped the
predrainage Everglades

NEPA Scoping
Phase 1: TBD

Phase 2: 2010
(NOTE - schedule under
revision)

Combined Structural and Operational Plan (CSOP), Including the C-111 Spreader Canal

What are the operating protocols needed to mimic natural
flows through Everglades National Park?

What impact will increased freshwater flows have on
coastal communities?

What water quality hazards are associated with using
water derived from agricultural basins to augment flows
into natural areas?

Research and possible model NEPA Scoping
refinement to support the refinement CSOP
of hydrologic targets and operating March 2004

protocols
C-111 Spreader Canal
Information on evapotranspiration August 2004
(ET) and how it is regulated in the
Greater Everglades is necessary to
determine overall hydrologic budgets
and to predict how hydrologic
changes will affect the natural
systems.

Modeling to predict salinity in the
mangrove community and northeast
Florida Bay

Environmental risk assessments of
water quality contaminants

Biscayne Bay Coastal Wetlands

How much freshwater, and in what seasonal patterns,
was delivered historically to Biscayne Bay?

What are the water quality performance targets for
estuarine systems?

Additional research to understand
predrainage hydrology

NEPA Scoping
June 2006

Biscayne Bay hydrologic model
Research to determine the sensitivity

of marine organisms and potential -
biomagnification

Additional Water for Everglades National Park and Biscayne Bay Feasibility Study

The science needs listed above under Water
Conservation Area 3 Decompartmentalization and
Sheetflow Enhancement and Combined Structural and
Operational Plan (CSOP), Including the C111 Spreader
Canal also meet needs for this project. Therefore any
unanswered questions would have to be timed to meet
the needs of the first of these 3 projects that come on
line.(reference the 2 project above) .

What were the physical and ecological conditions in

Shark River and Taylor Sloughs and Biscayne Bay prior

to drainage and madification, including

. historic hydrologic, geologic, ecological, and water
quality conditions

. physical, chemical, and biological processes
responsible for development and persistence of
soils and geomorphological patterns in the historic
landscape

. what were the historic salinity patterns in Biscayne
Bay
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Analysis of historic conditions in
Everglades National Park and
southern Biscayne Bay

NEPA Scoping
TBD



Everglades National Park, Biscayne Bay, and Florida Keys

SUMMARY OF DOI RESPONSIBILITIES AND SCIENCE NEEDS RELATED TO WATER PROJECTS IN
EVERGLADES NATIONAL PARK, BISCAYNE BAY, AND THE FLORIDA KEYS

Major DOI
Responsibilities
and Interests

Major Unanswered Questions Needed Science Timeline

What are the hydrologic targets needed to mimic historic
flows, including water depths, timing, and distribution, in
the Everglades and the Biscayne Bay coastal wetlands?

How will natural flows in Taylor Slough change the
quantity, quality, timing, and distribution of flows into
Barnes and Card Sounds?

How much additional water is needed to mimic the
predrainage hydrology in Everglades and Biscayne Bay
National Parks?

What are the water quality hazards and how can they be Environmental risk assessment of
avoided? water quality contaminants

Wastewater Reuse Pilot Project

What constituents of wastewater pose a potentially Environmental risk assessments of NEPA Scoping
significant risk to the ecosystems in which they are water quality contaminants TBD
introduced?

Criteria for site selection of pilot.

What is the risk of these constituents to downstream

ecosystems?

Florida Bay and Florida Keys Feasibility Study
What are the links between the impediment to circulation Models to simulate how restoration NEPA Scoping
created by the causeway and the ecology of Florida Bay, projects will alter the hydrology of Completed

and particularly the coral reefs that have grown up around  Florida Bay
the causeway?

What are the water quality hazards associated with
wastewater disposal in the bay and how can they be Water quality studies
avoided?

What are the sources of nitrogen to Florida Bay and what
are the impacts of elevated nitrogen levels?

Water Conservation Area 3 Decompartmentalization and Sheetflow Enhancement
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SUMMARY OF DOI RESPONSIBILITIES AND SCIENCE NEEDS RELATED TO WATER PROJECTS IN
EVERGLADES NATIONAL PARK, BISCAYNE BAY, AND THE FLORIDA KEYS

Major DOI
Responsibilities
and Interests

Help ensure that
hydrologic
performance targets
protect threatened
and endangered
species and promote
fish, wildlife, and
park values
(consultations on
project design
related to DOI
stewardship
responsibilities)

Major Unanswered Questions

Needed Science

Timeline

How are hydrologic changes expected to affect tree
islands, ridge and slough habitats, and marl prairies?

What are the effects of hydrologic barriers on nutrient
cycling and transport, and on the movement of invasive
and exotic species?

How will hydrologic changes affect the variety of wildlife
species that depend on the Everglades marshes?

Research to understand the critical
factors for sustaining tree islands,
ridge and slough habitats, and marl
prairies

Methods to evaluate sheetflow
patterns and volumes are necessary
in ridge and slough communities and
near tree islands in areas likely to be
impacted by restoration projects.

Research to understand and reduce
the effects of hydrologic barriers on
ecological connectivity

Research to understand and reduce
the effects of roads, levees, and
canals on the spread of exotic
species

Additional research to understand
the effects of different hydrologic
regimes and ecological processes on
restoring and maintaining ecosystem
composition and function.

Process-level investigations on the
mechanisms controlling the
interaction between biological and
hydrological indicators are
necessary.

Identification of current stressors that
are affecting the system

EIS Review, Section 7
Consultation, and CAR
Phase 1
Draft: TBD
Final: TBD
Phase 2:—TBD (Schedule
under revision)

Combined Structural and Operational Plan (CSOP), Including the C111 Spreader Canal

For a given set of hydrologic targets for the CSOP, what
floral and faunal responses can be expected? How close
are they to the predrainage ecology?

Improvement of ecological models to
make them more suitable for
application and analysis

Biscayne Bay Coastal Wetlands

What are the links between hydrology and ecology in the
Biscayne Bay coastal wetlands?

What are the critical factors that contribute to suitable
habitat for manatees, crocodiles, smalltooth sawfish, sea
turtles, wood storks, bald eagles, and eastern indigo
snakes?

How will the project alternatives affect habitat for
threatened and endangered species?

What is the “pollution clearing” capacity of the wetlands
and what is the potential for biomagnification
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Additional research to understand
the links between hydrology, coastal
salinity, and ecology

Research of critical habitat factors
for threatened and endangered
species

Research to determine the clearing
and saturation capacities of
sawgrass and mangrove habitats

EIS Review, Section 7
Consultation, and CAR
CSOP
Draft: December 2006
Final: July 2007
C-111 Spreader Canal
Draft: Julyl 2006
FinalFeb2007

EIS Review, Section 7
Consultation, and CAR
Draft: Dec 2005
Final: May 2006
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SUMMARY OF DOI RESPONSIBILITIES AND SCIENCE NEEDS RELATED TO WATER PROJECTS IN
EVERGLADES NATIONAL PARK, BISCAYNE BAY, AND THE FLORIDA KEYS

Major DOI
Responsibilities
and Interests

Assess the
responses of
ecological
communities and
species as a basis
for adaptive
management
(continuation of DOI
responsibilities
outlined above)

Major Unanswered Questions

Needed Science

Timeline

Additional Water for Everglades National Park and Biscayne Bay Feasibility Study

The science needs listed above under Water
Conservation Area 3 Decompartmentalization and
Sheetflow Enhancement and Combined Structural and
Operational Plan (CSOP), Including the C111 Spreader
Canal also meet needs for this project. Therefore any
unanswered questions would have to be timed to meet
the needs of the first of these 3 projects that come on
line.(reference the 2 project above) .

Wastewater Reuse Pilot Project

What are the effects of Waste Water Reuse on fish and
wildlife?

An inventory of Waste Water Reuse
constituents and their biotic
tolerances

Florida Bay and Florida Keys Feasibility Study

What are the links between freshwater inflows to Florida
Bay and the ecology of the bay?

What are the links between the impediment to circulation
created by the causeway and the coral reefs that have
grown up around the causeway?

Will the increased flow of fresh water flowing through the
Everglades into Florida Bay have any measurable
chemical effect on off shore waters?

Modeling of ecological responses to

hydrologic change. Indicator groups

that should be represented in these

evaluations include

. coral reef species

. estuarine fish (coastal
marshes and streams)

. wading birds (e.g., spoonbills,
egrets),

. marine fish (e.g. spotted sea
trout, mangrove snapper)

. submerged aquatic vegetation
(sea grasses)

. mangrove forest species

. federally listed species
(American crocodiles)

Dilution studies combined with
hydrodynamic models for Florida
Bay that extend onto the offshore
platform

TBD

EIS Review, Section 7
Consultation, and CAR
Draft : July 2008
Final: March 2009

Water Conservation Area 3 Decompartmentalization and Sheetflow Enhancement

What are the effects of hydrologic changes on the
Everglades natural system?
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Baseline studies and monitoring:

MAP components:

. plant community species
composition, cover, and
density in marl prairie and
ridge and slough habitats in
the southern Everglades

. wading bird nesting colony
location, size, and timing in
freshwater marshes

. American alligator population
recovery and the role of
alligator holes as aquatic
refugia in major Everglades
slough habitats

. fish and invertebrate sampling
studies

. wood stork nesting and
population monitoring

. American crocodile population
monitoring

. habitat conditions on tree
islands and conditions for

Post-implementation
monitoring and
assessment
Phase 1 Completion:
October 2010

Phase 2 Completion: April

2015
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SUMMARY OF DOI RESPONSIBILITIES AND SCIENCE NEEDS RELATED TO WATER PROJECTS IN
EVERGLADES NATIONAL PARK, BISCAYNE BAY, AND THE FLORIDA KEYS

Major DOI
Responsibilities Major Unanswered Questions
and Interests

Needed Science

Timeline

restoration of historic tree
island distribution and
abundance

Additional DOI monitoring needs:

species composition, cover,
and density in tree islands
eastern indigo snakes

West Indian manatee use of
canals

migratory bird occurrence and
abundance

exotic fish species

snail kite habitat condition,
nesting, and productivity
Cape Sable seaside sparrow
population monitoring

wood stork habitat use,
productivity, and survival
processes affecting soil
accretion, tree island
restoration, and maintenance
of the ridge and slough
landscape pattern

response of coastal
communities to simultaneous
effects of increased
freshwater flows and sea-level
rise

Vegetation community
monitoring in Taylor Slough
and the Rocky Glades
Freshwater marsh fish and
invertebrate monitoring in the
southern Everglades
Mangrove landbirds

Combined Structural and Operational Plan (CSOP), Including the C111 Spreader Canal

Is the CSOP achieving the anticipated results?

What are the effects on the Cape Sable seaside sparrow
and Everglade snail kite?

How will alterations in water deliveries through the C-111
and Model Lands affect the macro and micro biotic
communities in Barnes and Card Sounds?

What are the key indicators of a natural ecological
response in the Biscayne Bay coastal wetlands?

What are the baseline conditions of the indicators?

Development of methodology to
quantify ecological connectivity
especially across major potential
barriers of flow such as Tamiami
Trail and Alligator Alley

Monitoring of ecological communities

and threatened and endangered
species:

vegetation, periphyton, and
aquatic communities in the
vicinity of the proposed C-111
buffers

Everglade snail kite

Cape Sable seaside sparrow

Detailed community descriptions for
Barnes And Card Sounds

Biscayne Bay Coastal Wetlands

Baseline ecological data:

vegetation coverage
West Indian manatee
American crocodile
roseate spoonbill

Post-implementation
monitoring and
assessment
CSOP
Project Completion:
February 2008
C-111 Spreader Canal
Project Completion: March
2009

Post-implementation
monitoring and
assessment
Project Completion:
December 2015

Additional Water for Everglades National Park and Biscayne Bay Feasibility Study
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SUMMARY OF DOI RESPONSIBILITIES AND SCIENCE NEEDS RELATED TO WATER PROJECTS IN
EVERGLADES NATIONAL PARK, BISCAYNE BAY, AND THE FLORIDA KEYS

Major DOI
Responsibilities
and Interests

Assess the
responses of
ecological
communities and
species as a basis
for adaptive
management
(continuation of DOI
responsibilities
outlined above)

Major Unanswered Questions

Needed Science Timeline

Refer to the questions and science needs listed above

under Water Conservation Area 3

Decompartmentalization and Sheetflow Enhancement
and Combined Structural and Operational Plan (CSOP),

Including the C111 Spreader Canal

Wastewater Reuse Pilot Project

What concentrations of known and EPOC'’s start to affect Research to document the sensitivity

the primary trophic levels of marine and estuarine
communities

of marine organisms and quantify the
potential magnitude of
biomagnifications that might occur in
juvenile and nursery habitats

Florida Bay and Florida Keys Feasibility Study

What is the ecological response to hydrologic change? Monitoring to assess ecological Post-implementation
responses to hydrologic change: monitoring and
. estuarine fish (coastal assessment
marshes and streams) Project completion: TBD
. wading birds (e.g., spoonbills,
egrets)

. marine fish (e.g. spotted sea
trout, mangrove snapper)

. submerged aquatic vegetation
(sea grasses)

. mangrove forest species

. federally listed species
(American crocodiles)

Water Conservation Area 3 Decompartmentalization and Sheetflow Enhancement

This graphic Is a concaplual too ulilzed Tor projct development
only. This graphic Is not sali-execuling or binding, and does not
olherwise aflect ine Inlerasts of any parson Incuding any vested
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Project Purpose and Major DOI Interest

One of the central projects in CERP is
Decompartmentalization of Water Conservation
Area 3 (Decomp). The compartmentalization of the
water conservation areas has contributed to the loss
of historic overland flows through the central
Everglades slough system. This alteration of flows
has resulted in temporal changes in hydropatterns
and hydroperiods in the historic deepwater, central
axis of the Shark River Slough system.

The purpose of this project is to restore sheetflow
and reestablish the ecological and hydrological
connections between WCAs- 3A and -3B, Everglades
National Park, and Big Cypress National Preserve.
The project includes raising and bridging portions of
the Tamiami Trail and filling in portions of the
Miami Canal within WCA-3. Due to the
dependencies of project components, this project
will be implemented with the Water Preserve Areas
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Project, which will create a bypass for water supply deliveries to the Miami Canal using the North New
River Canal.

This project, which is planned to be implemented in two parts, is expected to deliver significant
environmental benefits to WCAs-3A and -3B and to Everglades National Park by removing the Miami
Canal, plugging and/or backfilling the L-67 A and C and the L-68 canals, degrading the L-28 tieback
levee and the L-29 levee, and eliminating the deep pool in the southern end of the conservation area. It is
expected to benefit Everglades National Park by restoring the natural flow paths through Shark Slough
toward the west coast estuaries. Restoring historical sheetflow distributions, depth patterns,
hydroperiods, and hydrologic connectivity in the southern Everglades will improve the health of habitats
important to this ecosystem, including ridge and slough, marl prairie, and rocky glades landscapes.

At the same time that it anticipates these hydrologic improvements in the southern Everglades, DOI is
concerned that increased stages through the northern and central Everglades will further stress the
surviving tree islands in those areas. In working to restore the natural hydrology, with the assumption
that natural ecosystem responses will eventually restore the mosaic of ecological communities indigenous
to this region, DOI remains committed to protecting the tree island ecological community from adverse
effects.

Threatened and endangered species affected by the project include wood stork, Everglade snail kite,
Florida panther, Cape Sable seaside sparrow, eastern indigo snake, and West Indian manatee. The Cape
Sable seaside sparrow and American crocodile will also be affected downstream from the Decomp project
area.

DOl is interested in the ecological, as well as the hydrologic, dimensions of connectivity and flow, such as
nutrient cycling and transport and wildlife migration. Consequently, evaluating these ecological aspects
of connectivity will be an integral part of analyzing the potential outcomes of decompartmentalization
scenarios. As the project is implemented and flow is improved, additional actions might be needed to
ensure that the ecological response mimics the natural predrainage ecology.

What is Known

Extensive research has been conducted to conclude that the best way to restore the ecological function to
the system is to restore more natural hydrology to the Everglades. Investigations have provided a
number of useful performance measures relating hydrologic change and ecological response. Information
on the attributes of the many keystone species and most endangered species in this area are well
documented, and monitoring and research continue to expand the understanding of the needs of these
species in the different habitats of this system.

Community structure and vegetation composition have changed markedly as a result of the C&SF Project
within the water conservation areas and Everglades National Park. The Decomp Project Management Plan
notes that the current system, the result of many years of compartmentalization, is considerably more complex than
the original landscape. The presence of levees, roadways, canals, and structures to control water flow has created a
patchwork of unnaturally varied landscape units.

Some overdrained areas, such as those in northern WCA-3, have been impacted not only by drought but
also by frequent fires, which have damaged the organic soils that previously underlaid the area. Tree
islands have been reduced in number and size, and marsh vegetation has shifted to that characteristic of
shorter hydroperiods.

Other portions, such as those in southern WCA-3A, have been subjected to wetter conditions, and more

stabilized water levels. In these areas, the local diversity of vegetation structure and composition has been
reduced, resulting in a relatively homogenous composition. Tree islands have also been impacted in these
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areas, but as a result of long-term inundation and water stress instead of overdrying. Ridge and slough
communities and marl prairies have also been significantly reduced.

Maybe the most marked change is the juxtaposition of the different conditions within the landscape.
While the historic Everglades consisted of a long, continuous, interconnected marsh that varied very
gradually, the placement of levees, canals, and roads leads to conditions where some of the wettest
conditions occur immediately adjacent to some of the driest, with only a levee in between. The resulting
patchwork of habitat types and conditions has disrupted the continuity that characterized the
predrainage system. These habitat changes have caused significant reductions in populations of birds and
other animals.

What Is Needed

Additional research to understand the linkages among the geologic, hydrologic, chemical,
climatological, and biological processes that shaped the predrainage Everglades. Additional research
will identify the range of water depths, hydroperiods, spatial distributions of water, flow characteristics,
and water quality that existed in the project area prior to drainage. Information about the physical,
chemical, and biological processes responsible for development and persistence of soils and
geomorphological patterns in the historic Everglades landscape, such as the soil-forming processes in the
ridge and slough habitats, will help managers of DOI lands and resources in the WCAs and Everglades
National Park manage for a historic diversity and productive array of fish, wildlife, and plants.

Process-level investigations on the mechanisms controlling the interaction between biological and
hydrological indicators are necessary. Information on the seasonal and annual controls on productivity
rates, ecosystem water use, nutrient dynamics and limitations, competition, seedling germination, and
mortality will provide the basis for simulation models and for predictions of how the natural systems will
react to altered hydrologic and climatological regimes. A detailed understanding of the mechanisms
controlling ecosystem productivity and dynamics is the only reliable way to predict how these systems
will react to altered stressors.

Studies are needed for key invertebrate groups used for monitoring sheetflow restoration. It is
important to know how their ecology is related to sheetflow, or more importantly, how they are
adversely affected by unnatural flow conditions produced by present day structures.

Research to understand the critical factors for sustaining tree islands, ridge and slough habitats, and
marl prairies. Additional research will help scientists describe a hydrologic regime that will allow the
restoration of tree islands, ridge and slough habitats, and marl prairies in an expanse and configuration
that will be sustainable. The restoration of these communities will depend on restoring ecosystem
function, which includes the processes of flow, soil accretion and transport, and an appropriate
disturbance regime that includes fires, floods, and droughts occurring with a more natural frequency
Development of GIS-based databases that can map many hydrologic and biologic indicators will help
researchers notice potential linkages between hydrology and ecology in this area, and allow them to
evaluate the overall ecological response to project implementation. Another research project, the
Loxahatchee Impoundment Landscape Assessment Study, being conducted on the Loxahatchee wildlife
refuge, is a controlled experiment to determine the interrelationships among a number of hydrologic and
ecological variables, including water levels, water flow, fish species, and vegetation types.

Research to understand and reduce the effects of hydrologic barriers on ecological connectivity.
Research to understand sheet flow in key aquatic communities, and to understand interactions of
hydrologic flow with nutrient and carbon cycling and transport, will help identify and reduce barriers to
these critical processes.
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Research to understand and reduce the effects of roads, levees, and canals on the spread of exotic
species. Improved understanding of how linear features such as roads, levees, and canals may act to
speed the spread of exotic species will allow development of measures to control or minimize this effect
and the impacts of exotic species.

Understanding the effects of sea-level rise. The formation and sustainability of coastal communities is a
result of the interaction between upland freshwater and tidal inputs. Both of these hydrologic processes
are likely to change in the future with restoration projects and with sea level rise. Resource management
and restoration efforts will require a thorough understanding of the biological and physical controls on
the formation and maintenance of these coastal communities. Research is necessary to assess the current
and historic relationships between sea level, salinity, overland freshwater flows, tidal regimes, water
budgets, and climate on mangrove and oligohaline communities. This information will be used to
develop and validate process-based models useful for simulating hydrologic fluxes, soil dynamics,
productivity, carbon balance, and spatial variability in the mangrove and oligohaline zones in coastal
areas.

Additional research to understand the effects of different hydrologic regimes and ecological processes
on restoring and maintaining ecosystem function

Identification of current stressors that are affecting the system

Baseline studies and monitoring. The MAP includes a number of components that are relevant for the
decompartmentalization of WCA-3A and particularly important to DOI:

¢ plant community species composition, cover, and density in marl prairie and ridge and slough
habitats in the southern Everglades

¢ wading bird nesting colony location, size, and timing in freshwater marshes

e American alligator population recovery and the role of alligator holes as aquatic refugia in major
Everglades slough habitats

e fish and invertebrate sampling studies

e wood stork nesting and population monitoring

e American crocodile population monitoring

e habitat conditions on tree islands and conditions for restoration of historic tree island distribution
and abundance

Additionally, DOI needs to fill gaps in baseline information and monitor the following:

e species composition, cover, and density in tree islands

e eastern indigo snakes

e West Indian manatee use of canals

e migratory bird occurrence and abundance

e exotic fish species

e snail kite habitat condition, nesting, and productivity

e Cape Sable seaside sparrow population monitoring

e wood stork habitat use, productivity, and survival

e processes affecting soil accretion, tree island restoration, and maintenance of the ridge and slough
landscape pattern

e response of coastal communities to simultaneous effects of increased freshwater flows and sea-
level rise

e Vegetation community monitoring in Taylor Slough and the Rocky Glades

e Freshwater marsh fish and invertebrate monitoring in the southern Everglades

e Mangrove land birds
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3. Projects to Improve the Quantity, Quality, Timing, and Distribution of Water

Combined Structural and Operational Plan (CSOP), Including the C111 Spreader Canal

Project Purpose and Major DOI Interest

The Combined Structural and Operational X
Plan (CSOP) is an integrated structural and i RN : ot it naitvctas
operational plan for two modifications of . <

the C&SF Project known as the Modified A
Water Deliveries to Everglades National i

Park (MWD) Project and the C-111 Project. \ el

The purpose of the CSOP is to define the e
operations for the C-111 and MWD Projects 0
that will be consistent with their respective

. EVERGLADES
project purposes. NATIONAL

The MWD Project is authorized by the
Everglades National Park Protection and
Expansion Act of 1989. Its purpose is to
modify the CS&F Project to improve water
deliveries into the park and restore the
natural hydrologic conditions within the
park.

The C-111 General Reevaluation Report
recommended additional modifications to
the C&SF Project to provide for the
restoration of the ecosystem in Taylor Slough and the eastern panhandle of the park while maintaining
flood damage reduction within the C-111 basin. These modifications include the construction of buffer
areas to provide a hydrologic separation between urban areas, where flood damage reduction is a
priority, and natural areas, where restoration of the natural hydrology is a priority.

A CERP-related project is the C-111 Spreader Canal. The purposes of this project are to enhance the C-111
Canal to rehydrate the Model Lands, establish sheet flow and hydropatterns that will sustain native
ecosystems in the Southern Glades and Model Lands, provide more natural sheet flow to Florida Bay by
eliminating point sources of freshwater discharges through C-111 to the estuarine systems of Manatee
Bay and Barnes Sound, and maintain some level of flood protection for agricultural and urban areas in
the project area.

The primary DOI interests in the CSOP include improving water deliveries into both the Everglades and
Florida Bay portions of Everglades National Park and the Model Lands, restoring the historic hydrologic
conditions in the park as well as, Barnes Sound through Manatee Bay, protecting the natural values
associated with the park and headwater of Biscayne National Park, and exploring opportunities for
enhancing the recovery of threatened and endangered species that will be affected by the project, notably
the Cape Sable seaside sparrow and Everglade snail kite.

Additionally, DOI is concerned with the operating rules and water quality in the C-111 buffer component
of the CSOP. Because of the porous nature of the soil in this area it is important that the buffer areas be
designed and operated to avoid interference with natural flows in the park. Operation of the buffers
using “marsh-driven criteria” will ensure that the adjacent natural marsh is not flooded in an unnatural
pattern by water leaking out of the buffer areas. Some of the water used in the buffer areas will likely
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come from urban and agricultural basins and could be introduced into wetlands. DOI has a strong
interest in ensuring that this water is clean enough for introduction into the park.

What Is Known

Both the modeling and the field observations needed to predict and monitor changes in hydrology are
currently in place, and no additional work in those areas is contemplated.

DOI agencies, as well as the USACE, SFWMD, and EPA, conduct extensive and continuous monitoring in
the CSOP footprint. The parameters collected range from observations of rainfall and water levels to
across-the-landscape monitoring of wading birds and American alligators. Federal and state agencies
monitor Everglade snail kites, Cape Sable seaside sparrows, wood storks, and American crocodiles.
Population models of snail kite and sparrow are used in project evaluations. Because CSOP is a project
that is in its final design stages, it will be necessary to use available information to evaluate alternatives.

A network for monitoring water quality, aquatic communities, and vegetation is in place to detect
changes in native flora and fauna related to operation of the CSOP. The report A Synthesis of Research on
Florida Bay compiles the current knowledge of the ecosystem history, structure, and function and of the
ecological effects of human activities in Florida Bay.

What Is Needed

Research and possible model refinement to support the refinement of hydrologic targets and
operating protocols. Additional research will support refinements to the hydrologic targets needed to
achieve fully natural flows in Taylor Slough and Shark Slough. The targets need to address appropriate
timing, cleanliness, distribution of flow, and ecological connectivity to replicate natural function in the
marsh. The operating protocols developed from the refined targets should allow water managers more
flexibility to manage the marsh based on actual rainfall rather than on projections of annual averages, in
order to avoid engineering the wetlands into an unnatural state. The NSM target levels need to be
translated into real-time estimates of “natural” targets for the marshes, mangrove zone, and the northeast
Florida Bay. These predictions can then provide the basis for operational rules for the new structures. In
the short tem DOI must provide input based on what is known today to improve the operating program
being developed for this project. Information on the volume, timing and distribution of overland flows
and the relationships with nearby structure and canal operations is necessary. Flow measurements
should be used to validate large-scale hydrologic models such as the SFWMD 2x2, since these models are
used to simulate the pre-drainage and current systems to design restoration alternatives, and to set
restoration targets.

Rainfall and evapotranspiration are the two major components of hydrologic balance in south Florida.
While rainfall is measured regularly throughout the system, ET is not. ET is of primary importance in all
the hydrologic models used to simulate south Florida ecosystems. To date, only a very limited dataset
exists with which to calibrate and validate these models. Moreover, there currently is only very limited
understanding of the variability in evapotranspiration rates across community types occurring in ENP.
As communities shift with increasing freshwater flows, spatial patterns of ET and water budgets will also
change with implications for regional water management.

Sheetflow is the defining characteristic of the Everglades. The restoration of historic sheetflow patterns is
therefore a primary goal of CERP and CSOP, yet there currently exists no widely accepted method for
evaluating sheetflow volumes, velocities, or spatial patterns with respect to nutrient dynamics, landscape,
or community type. Understanding the current relationships between large scale sheetflow patterns and
nutrient fluxes, water quality, sediment transport and microtopography, and the sustainability of ridge
and slough and tree island habitat is necessary to develop operating protocols, restoration targets and to
monitor the success of these projects.
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Environmental risk assessments of water-quality contaminants. The C-111 project raises many water
quality issues for Everglades and Biscayne National Parks. Water quality investigations will assess the
environmental risks from using water derived from agricultural basins to augment ground and surface
water flows into natural areas. Current information does not resolve the nutrient uptake capacity of the
limestone aquifer and the effectiveness of periphyton stormwater treatment areas. The potential for
increases in toxic contaminant loads, such as pesticides, and their ecological effects require further study.

Improvement of ecological models to make them more suitable for applications and analysis.
Considerable information is available about the interrelated responses of salinity levels, vegetation, fish
and macroinvertabrates, and wading birds to hydroperiod and flow. Improved understanding about the
linkages among these variables will be possible once the ecological models, particularly ATLSS, are
refined and linked to the more detailed hydrologic models, with suitable user interfaces provided.

Development of methodology to quantify ecological connectivity especially across major potential
barriers of flow such as Tamiami Trail and Alligator Alley

Modeling to predict salinity in the mangrove community, northeast Florida Bay, Manatee Bay and
Barnes Sound. Local models that couple with the regional 2 x 2 Model are needed.

Monitoring of ecological communities and threatened and endangered species. Continued monitoring
of hydrology, ecology, and water quality in the Everglades and Florida Bay will determine whether
actual changes are consistent with predictions, improve the predictive capability of models, and detect
unforeseen adverse impacts in time to correct them through adaptive management. In addition to
ongoing systemwide monitoring, monitoring of key parameters in the footprint of the CSOP needs to
focus on the vegetation, periphyton, and aquatic communities in the vicinity of the proposed C-111
buffers and on Everglade snail kite and Cape Sable seaside sparrow habitats and populations.

Detailed community descriptions for Barnes and Card Sounds. The ecology of the two coastal estuaries
Barnes and Card Sound could be dramatically affected by changes in water deliveries via the C-111, the
placement of culvert across US1 roadway and the rehydration of the Model Lands. Intensive
documentation of the biotic structure in these basins to ensure that we do not alter these two estuarian
basins to something other that natural function

Biscayne Bay Coastal Wetlands

Project Purpose and Major DOI Interest

The Biscayne Bay Coastal Wetlands (BBCW) Project, scheduled
for completion in 2015, is intended to correct the effects of
diverting overland freshwater flows into canals, a process that
has drained wetlands, caused unnatural surface discharges of
freshwater into Biscayne Bay, and reduced groundwater
inflows into the bay. The purposes of this project are to
= rehydrate and reconnect freshwater and estuarine wetlands, to
e oy — reestablish a more natural estuarine zone along the western
side of Biscayne Bay, and to reduce point source discharges
into Biscayne Bay. The project will replace lost overland flow and partially compensate for the reduction
in groundwater seepage by redistributing the available surface water entering the area from regional
canals.
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The proposed redistribution of freshwater flow across a broad front is expected to restore or enhance
freshwater wetland, tidal wetland, and nearshore bay habitats, including habitats in Biscayne National
Park. The project is expected to result in sustained lower-than-seawater salinities in the tidal wetlands
and the nearshore bay and be conducive to the reestablishment of oyster bars and other components of
the oyster reef community. Achieving these results is dependent on the project being designed to provide
additional freshwater to these areas. If only the existing water volume is redistributed, then salinities
would actually increase. Diversion of canal discharges into coastal wetlands is expected not only to
reestablish productive estuarine nursery habitat all along the shoreline but also to reduce the abrupt
discharges of freshwater into the bay near canal outlets, which are physiologically stressful to fish and
benthic invertebrates.

Threatened or endangered species within the project area include manatees, crocodiles, smalltooth
sawfish, sea turtles, wood storks, bald eagles, and eastern indigo snakes. Changes in timing, distribution,
and volume of freshwater delivery could potentially affect the existing or potential habitats of these
species.

What Is Known

Historically, a significant amount of freshwater flowed into Biscayne Bay through a system of sloughs,
which originated in the Everglades via rivers and creeks, transverse glades, and sheetflow through
coastal wetlands. Some work has been done to estimate surface flow through the transverse glades.
Groundwater inputs are known to have been significant and large enough to create coastal and offshore
springs.

The scientific understanding of the historic conditions of the bay is increasing. Based on recent
paleoecological studies, which partially document historic salinity patterns, scientists have established
that the historic pattern of freshwater inflows from surface and ground sources resulted in fewer high
and low salinity extremes than what occur under current conditions. Today’s seasonal, high-volume
freshwater canal discharges cause high-magnitude, rapid salinity fluctuations near canal outlets. The
nearshore bay experiences seasonal periods of low salinity during the wet season, when canal discharges
are high, and periods of high salinity during the dry season, in the absence of freshwater inputs. While
some fluctuation is expected, the nearshore bay salinity regime is now much less stable than it was
historically.

Historic estuarine conditions sustained extensive sawgrass prairies, mangrove communities, seagrass
beds, and oyster bars and provided productive nursery habitats for a spectrum of fish, shellfish,
crocodiles, manatees, and other animals. Recent studies have defined the importance of mangrove and
seagrass communities to the ecology of the bay. The paleoecological studies mentioned above draw some
conclusions about the historical salinity patterns and ecology of the bay and work to refine this history is
ongoing. These studies have also provided information about the contemporary use of habitats in and
near the bay by migratory birds and many endangered species, such as the West Indian manatee.

What Is Needed

Additional research to understand predrainage hydrology. Additional research will identify the range
of water depths, hydroperiods, spatial distributions of water, and flow characteristics that existed in the
Biscayne Bay coastal wetlands prior to drainage. Information about the physical, chemical, and biological
processes responsible for the development and persistence of soils and geomorphological patterns in the
historic wetlands will help DOI managers better understand the historic hydrologic regime.

Biscayne Bay hydrologic model. Hydrologic targets for the coastal wetlands must be established. In

order to establish these targets, a clear understanding of the relationship between hydrology, salinity, and
ecology/biological response is required. A local model of Biscayne Bay capable of simulating coastal
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surface and groundwater hydrology and associated nearshore salinities will then be required in order to
determine whether or not these targets are met. The NSM and 2 x 2 Models do not simulate these
variables and the BBCW project area lies at the fringe of the models” domain. However, two local models
are being developed that can be coupled with the regional model used by the USACE and SFWMD to
make NSM-linked predictions of salinity in Biscayne Bay. Information about how much freshwater was
delivered historically to the Bay, and in what seasonal patterns, will provide a basis for establishing and
adjusting hydrologic targets. The ensuing ecological responses and desired future ecological conditions,
along with the relationship between historical, current, and desired future condition should also be
factored into target adjustments Research is needed to characterize and evaluate the importance of
groundwater and karstlike flows to the coastal estuaries.

Water Quality Performance Targets. There are no water quality standards for estuarine systems. There
is sufficient documentation in the scientific literature to indicate that marine, and possibly estuarine,
systems are far more sensitive to low level contamination than more robust terrestrial ecosystems.
Research is needed to document the sensitivity of marine organisms and quantify the potential
magnitude of biomagnification that might occur in juvenile and nursery habitats characteristic of the
south Florida estuaries. Water quality performance targets for coastal marine and estuarine systems need
to be established.

Research to determine the clearing and saturation capacities of sawgrass and mangrove habitats
Research through a pilot project is needed to help identify what the “pollution clearing” capacity of the
wetlands and the potential for biomagnification is as water enters Biscayne Bay

Additional research to understand the links between hydrology and ecology. Output from the
hydrologic model will be analyzed. Ongoing paleoecological studies will continue, and proposed studies
of the historic types and distributions of habitats, flora, and fauna will be used to draw conclusions about
the relationships that existed historically between hydrologic and ecological factors in the nearshore,
estuarine, and freshwater areas of western Biscayne Bay. These historic conditions and relationships must
then be used to develop desired future conditions and thus, project targets. Projections can then be made
about how close various project alternatives might come to approximating these desired targets and
conditions and to restoring habitat features such as creeks, glades, and wetlands. This effort should
include ecologic models for Coastal Estuaries, which are key assessment tools for these areas.

Research of critical habitat factors for threatened and endangered species. Additional research into the
critical factors that contribute to suitable habitat for West Indian manatees, American crocodiles,
smalltooth sawfish, sea turtles, wood storks, bald eagles, and eastern indigo snakes will inform the
analysis of potential impacts and help avoid adverse effects.

Baseline ecological data. An important gap in the science needed to plan and monitor this project is
baseline ecological data, particularly about the existing vegetation coverage, including, but limited to,
West Indian manatee, American crocodile, and roseate spoonbill. Baseline conditions will provide the
basis for identifying changes in key species and understanding the relationships between those changes
and the environmental factors that affect species” habitat and sustainability.

Additional Water for Everglades National Park and Biscayne Bay Feasibility Study

Project Purpose and Major DOI Interest

This project addresses the additional water needed to achieve the ecological goals for both Everglades
and Biscayne Bay National Parks. During the development of the CERP it was determined that additional
water could be captured to meet predrainage hydrologic targets for Everglades National Park and
Biscayne Bay. This project assesses the options for achieving those targets. If successful this project will
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reduce extreme events like regulatory releases to estuaries, excessive flooding in the water conservation
areas, and severe damaging dryouts in the marsh. Urban and agricultural areas will benefit from the
extra water storage and be less dependent on the natural areas to meet their needs.

The USACE completed a final reconnaissance study report in June 2003 that investigated and confirmed
the need for providing additional water to the park and the bay, in addition to the amount that will be
provided upon implementation of the CERP. The reconnaissance study confirmed that federal
participation is warranted to proceed to a feasibility-level study; however, a nonfederal sponsor for the
feasibility phase has not yet been identified. The report also recommends deferral of the feasibility phase
until completion of the technical documentation report to be prepared for the Initial CERP Update Project
currently underway by RECOVER. It is anticipated that once RECOVER updates the CERP, a nonfederal
partner will be identified.

Generally, the feasibility study considers design configurations for routing water from Palm Beach and
Broward Counties to Everglades and Biscayne Bay National Parks. DOI is interested in understanding (1)
how water can be redirected from the water conservation areas in the upper part of the system into the
park without adversely affecting the desired ecological response in the water conservation areas, (2) the
feasibility of establishing and achieving the hydrological targets expected to improve ecological
conditions in the parks, and (3) the risks related to the introduction of urban runoff into the Everglades
Protection Area and Biscayne Bay.

What Is Known

The reconnaissance study confirmed the need for additional water to Everglades National Park and
Biscayne Bay in addition to the amount that will be provided upon implementation of the CERP. The
Modified Waters, Decompartmentalization, and CSOP Projects all contribute additional water, but not
enough to achieve predrainage hydrologic targets and the improved ecology that is expected to result
from improved hydrology. The reconnaissance report outlines a number of alternatives for capturing
water in urban areas, which need additional investigation in the feasibility study.

Predictions based on the NSM can be used to provide restoration targets for water depths in the southern
Everglades. New information is being added to better reflect current understanding of the predrainage
system.

Several approaches are being used to estimate the historical surface and groundwater flows to Biscayne
Bay and Florida Bay. A suite of potential models has been developed for use in predicting salinity in
Florida Bay.

What Is Needed

Analysis of historic conditions in Everglades National Park and southern estuaries: Biscayne Bay,
Card Sound and Barnes Sound Dated soil cores in Taylor Slough will help DOI managers understand
the predrainage vegetation and hydrology in that region of the park. Paleoecological investigations will
provide a historical profile of salinities in Biscayne and Florida Bays and the basins between them.
Vegetation, topography, soils, and hydrologic surveys along tree island and ridge and slough transects in
WCA-2, WCA-3, Northeast Shark River Slough, Taylor Slough, and southern Shark Slough will provide
information needed to understand spatial variability and to assess hydrologic needs based on site-specific
physical and ecological conditions. By measuring flow, water depth, and vegetation characteristics along
a topographic and vegetation gradient, response curves can be generated to estimate the predrainage
vegetation distribution and the vegetation distribution expected from restoration alternatives. These
response curves are required to establish the need for additional water and to assess the ecological
integrity of restoration alternatives.
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Research quantifying the linkages of freshwater flows to the eastern coastal estuaries, Barnes and
Card Sounds through central Biscayne Bay, on the flow of water through the Taylor Slough and the
Model Lands.

Both Barnes and Card sound are the headwater of central and lower Biscayne Bay and any modification
to the ecological function and character within those basins will be reflected in the ecological function of
Biscayne Bay.

Environmental risk assessments of water quality contaminants. Water quality investigations will assess
the environmental risks from rerouting urban and agricultural runoff and from reusing wastewater, both
of which are under consideration as a source of water for this project. These investigations will include
source water characterization, ecosystem response to contaminants, and models of contaminant fate and
transport. This work will require field studies of body burden in indicator species, field studies of
biogeochemical cycling, and development of tools for water quality modeling.

Wastewater Reuse Pilot Project

Project Purpose and Major DOI Interest

The main goals of this pilot project are to address uncertainties, including water quality, costs, and
timing, associated with the possible use of reclaimed water in environmentally sensitive areas including
Everglades and Biscayne National Parks. If the pilot project concludes that the use of reclaimed water is
not practicable in this regard, a full-scale project will not be initiated.

DOl has a great interest in the quality of the water delivered into Everglades and Biscayne Bay National
Parks. Because urban wastewater has been identified as a possible source of the additional water needed
to meet predrainage hydrologic targets in the parks, DOI is interested in the wastewater treatment
technology and whether it will be adequate to meet the goals of resource protection and ecosystem
restoration. Currently, two CERP projects propose reuse of wastewater.

This pilot project is one of four pilot projects authorized in CERP. It will address water quality issues
associated with discharging reclaimed water into natural areas, such as the West Palm Beach water
catchment area, Biscayne National Park, and the Bird Drive basin. The pilot facility will be constructed
in south Miami-Dade to determine the ecological effects of using superior, advanced treated reuse water
to replace and augment freshwater flows to Biscayne Bay and to determine the level of superior,
advanced treatment required to prevent degradation of freshwater and estuarine wetlands and nearshore
waters. The constituents of concern in wastewater will be identified, and the ability of superior, advanced
treatment to remove those constituents will be determined. The City of West Palm Beach is constructing a
pilot facility to treat wastewater from the East Central Regional Wastewater Treatment Facility using
advanced and superior wastewater treatment processes to remove nitrogen and phosphorus.

What Is Known

The impacts of stormwater and municipal, industrial, and agricultural wastewater on water quality
variables are well documented. Many different treatment technologies are available, and the resulting
wastewater varies significantly depending on the technology used. Some treatment processes, such as
chemical additions and filtration, can add or remove essential water constituents that can impact water-
receiving ecosystems. Also, treated wastewater, even though it may have very low concentrations of
nutrients, pharmaceuticals, endocrine disrupters, and heavy metals, can discharge significant loads of
these pollutants into receiving waters because of the large flow volumes. This added load of pollutants
often has detrimental effects on the natural ecosystem, causing imbalances of the natural flora and fauna.
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What Is Needed

Environmental risk assessments of water quality contaminants. DOI needs to understand the potential
ecological effects and human health effects of discharging reclaimed water into natural systems,
including freshwater wetlands, estuarine wetlands, and Biscayne Bay. A detailed comparison of
wastewater constituents versus constituents of the receiving waters and downstream ecosystems will
determine if the reuse water contains constituents that have potential to affect downstream ecosystems. If
so, a risk analysis will determine the concentrations and loads of these constituents as they move through
the surface and ground water and sediments in downstream ecosystems. If adequate information on the
impacts of these constituents on native flora and fauna is not available, bioassay experiments need to be
performed on native species to provide this information for the risk assessment.

Research evaluating the potential for natural system biological “scrubbing” of treated waste water are
needed.

Research is needed to document the sensitivity of marine organisms and quantify the potential
magnitude of biomagnification that might occur in juvenile and nursery habitats characteristic of the
south Florida estuaries. Much of the water produced by treating waste water will be use to make up
water delivery short falls to the coastal estuaries. It is well documented in the literature that the coastal
systems are more sensitive to low levels of pollutants and biomagnification of low pollution levels is
greater in marine systems. Research is needed to document the sensitivity of marine organisms and
quantify the potential magnitude of biomagnification that might occur in juvenile and nursery habitats
characteristic of the south Florida estuaries. This research needs to include the developing list of
environmental pollutants of concern, or EPOC’s. Controlled dosing experiments on the Phytoplankton
and smaller zooplankton assemblages could be used to better understand issues of sensitivity and
biomagnification.

Criteria for site selection of pilot. DOI needs to provide input into the development of criteria for
selection of an appropriate wetland test area that replicates the southern section of the Everglades. The
limited data on capturing, treating, and reusing water comes from a recent project in the northern part of
the system. The water treatment technologies constructed and tested through this project will provide
important input into a DOI analysis of whether the water derived from the pilot is of marsh quality and if
the process can be replicated to deliver water to the natural system at the right times and in the right
amounts.

Florida Bay and Florida Keys Feasibility Study

Project Purpose and Major DOI Interest

The Florida Bay and Florida Keys Feasibility Study is
designed to evaluate Florida Bay and its connections to
the Everglades, the Gulf of Mexico, and the Florida Keys
marine ecosystem to determine the modifications
needed to successfully restore the water quality and the
ecological conditions of the bay.

Florida Bay is a large, shallow, coastal saline ecosystem.
Between 1987 and the early 1990s it experienced rapid
and extensive ecological degradation. During the
summer of 1987 approximately 100,000 acres of seagrass
"died off" in western Florida Bay. This die-off was
followed by phytoplankton blooms and sponge die-offs.
These ecological changes came at the end of a multiyear drought. Salinity, especially in the eastern basins,
is highly dependent on local rainfall. During the drought, bay salinity levels greatly increased and made
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the bay resemble more of a marine rather than an estuarine ecology. Conditions within Florida Bay have
continued to visibly decline, including losses of seagrass habitat, diminished water clarity, micro-algal
blooms of increasing intensity and duration, and population reductions in economically significant
species such as pink shrimp, sponges, lobster, and recreational gamefish. Wading birds, forage fish,
juveniles of game fish species, and other species that historically utilized the bay and adjacent estuarine
wetlands have relocated, often at greatly reduced population levels, as their habitats have changed.

This project is of critical interest to DOI, which has management responsibilities in the project area
including the Florida Bay portion of Everglades National Park, Dry Tortugas National Park, four national
wildlife refuges (Crocodile Lake, National Key Deer, Great White Heron, and Key West), and critical
habitat for a number of federally protected species. This region also encompasses the Florida Keys
National Marine Sanctuary, an area of submerged lands administered by the National Marine Fisheries
Service. The sanctuary contains part of Florida Bay and the entire Florida Reef Tract, the largest reef
system in the continental United States.

Florida Bay will be the eventual recipient of increased sheet flows through Taylor Slough and Shark
Slough, both within Everglades National Park. It is therefore important to consider the hydrology of the
coastal estuaries as well as the historic hydrology of the southern Everglades region, including the now
isolated Model Lands, when setting targets for water entering the park. The restoration of more natural
flows through the southern Everglades is expected to also restore more natural flows into Florida Bay,
restoring more natural salinity patterns. However, DOI remains concerned about the quality of the water
to be introduced into the coastal estuaries. For example, increasing freshwater flow to the bay could
increase nutrient (particularly nitrogen) loading, which might induce more frequent and more extensive
phytoplankton blooms. High nitrogen levels may reflect the historic quality of water within the
Everglades, but it may not reflect the historic quality of water in the coastal estuaries. These adjacent
ecological systems may have different requirements and different problems that will require balancing
their conflicting needs.

DOI managers also need to understand how a related project, the Florida Keys Tidal Restoration Project,
will affect the circulation of water in the bay and Keys. This project uses bridges or culverts to restore
some tidal connections between Florida Bay and the Straits of Florida in a section of the Middle Keys
where this tidal flow was eliminated in the early 1900s during the construction of Flagler’s railroad.
Altered tidal flows between Florida Bay and the Straits of Florida have resulted in adverse water quality
and fish and wildlife habitat impacts. However, changing water circulation patterns through the Keys by
changing the configuration of the Keys passes could affect water quality conditions and the health of the
coral reefs in the Florida Keys National Marine Sanctuary and Biscayne National Park that have adapted
to the current circulation patterns. Increasing the water flow could also increase trace contaminant
loading, depending on sources and flow pathways.

At least 22 commercially and/or recreationally important aquatic species are known to use the coastal
estuaries Florida Bay and Biscayne Bay as nursery grounds. A guideboat industry operates within Florida
Bay and Biscayne Bay. Target species of the recreational fishing industry include snook, redfish, tarpon,
permit, bonefish, spotted seatrout, and mangrove snapper. Target species of the commercial fishing
industry include Penaeid shrimp, stone crabs, and blue crabs (all in Biscayne Bay). The coastal estuaries
are nurseries for many species, including young spiny lobsters and several species of snappers, grunts,
and sparids. Florida Bay and nearby coastal estuaries and embayments are the principal nursery habitat
for pink shrimp, which is the basis of a multimillion dollar fishery in the Tortugas. Pink shrimp are an
important species commercially and form a prey base for higher trophic level organisms.
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What Is Known

Although scientists disagree about the basic causes of problems within Florida Bay, most agree that they
are probably symptomatic of disruptions of natural processes within the bay. Scientists and engineers
from state and federal agencies as well as the academic community are working together for the purpose
of identifying the problems and potential corrective measures to solve or at least minimize the causes of
Florida Bay's problems.

Ecologically and hydrologically Florida Bay may be divided into three basins: eastern, central, and
western. Overland freshwater flows through Taylor Slough and direct rainfall are the sources of
freshwater for the eastern zone, which currently has extreme variations in salinity and high levels of
dissolved organic matter. High methyl mercury levels occur in eastern Florida Bay and its biota. Health
advisories are posted, warning of elevated mercury levels in some fishes.

Although such extremes have not been observed in the costal estuaries northeast of Florida Bay, in the
basins from Barnes Sound and north, salinities have increased steadily since the 1960’s, and possibly as
far back as the 1910, the period of construction for the extensive Central and South Florida (C&SF)
drainage system. Both Card and Barnes Sounds are typically hyper saline to saline and some areas of
Biscayne Bay become hypersaline during the warmer summer months. Isohaline marine species of fish
are now commonly observed along the western and northern shorelines of Biscayne Bay and Card Sound.
Five canals drain directly into Biscayne Bay so salinities along the shoreline vary widely, closely
following rainfall patterns. Salinity condition are more stable in Card and Barnes Sounds because only
one canal, C-111, drains into Barnes Sound. Card Sound essentially receives no water except though
rainfall “sheet flowing” to the basin across isolated landward wedge known as Model Lands

The central zone is hypersaline and has unnaturally high nitrogen and phosphorus levels and high levels
of dissolved organic matter. The western zone, which is open to the Gulf of Mexico, has fairly stable
marine conditions. Shark Slough indirectly provides freshwater inputs via tidal and current flows along
Florida’s west coast.

What Is Needed

Models to simulate how restoration projects will alter the hydrology of Florida Bay. More freshwater
alone will not return Florida Bay to more natural conditions. The quantity, timing, distribution, and
quality of freshwater released to Florida Bay must be considered separately and holistically. A significant
amount of research has been conducted on how the Florida Bay system functioned historically, how it
functions currently, and how the recent changes relate to hydrologic management of the upstream
system. However, because distinguishing between the numerous possible natural and man-caused
changes in an ecosystem is difficult at best, particularly when they are superimposed spatially and
temporally, a number of information gaps need to be addressed before critical decisions can be made
about upstream water management that affects Florida Bay.

The complexity of the system and the impacts of restoration and management scenarios can only be
evaluated through modeling. The USGS Water Resources Division is adapting a coastal hydrological
model that will simulate how restoration projects will alter the physical environment in terms of water
elevation and salinity in coastal wetlands, lakes, and streams. An additional model will be needed to link
to the coastal hydrological model and translate the output from that model into corresponding changes in
Florida Bay. Several such models are under development and should be able to be tested and become
operational within three years. The USACE is developing a hydrodynamic model to simulate water
circulation patterns in the bay. Among other things this model will support predictions of salinity
resulting from varying temporal and spatial freshwater inflows. For example, the model will accept
output from surface and groundwater hydrologic models to predict the impacts that C&SF Project
restoration alternatives will have on Florida Bay. DOI needs to complete the models it is developing and
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actively participate in the development of models by other agencies to ensure that this work is carried out
efficiently with no overlap.

Water quality studies. Nutrient, toxic contaminant levels, and emergent pollutants of concern and how
they relate to inputs from freshwater inflow, run-off from the developed areas of the Upper Keys, and
inputs from the Gulf of Mexico are key water quality issues.

Regarding inputs from freshwater inflow, the water entering Florida Bay through the Taylor Slough is
derived from agricultural runoff and urban flood control operations. The establishment of water quality
targets and recommendations for management will require additional studies of the role of plant
nutrients, their sources, and amounts arriving in Florida Bay. Measures to address pollution specific to
the Everglades may not be adequate to protect Florida Bay. Nitrogen levels, which may have been
relatively high in the historic Everglades, are thought to be elevated above natural background levels in
parts of Florida Bay and may be contributing to phytoplankton blooms. Because upstream water
management activities may affect nitrogen inputs (even from natural sources) into the bay, it is important
that nitrogen levels within Florida Bay, their sources, and the ramifications for the bay be studied and
understood. Increased freshwater inflow from the agriculturally dominated C-111 basin could result in
increased pesticide loads into Florida Bay.

Other potential sources of contaminates, such as the Florida Keys and the Gulf of Mexico, will also need
to be assessed to determine their potential for affecting the water quality of Florida Bay.

Modeling of ecological responses to hydrologic change. It is anticipated that, but not completely
understood how, restoring historic circulation patterns to waters that have been impeded and stagnant
for decades will significantly improve water quality, benthic floral and faunal communities, and larval
distribution of both recreational and commercial species (e.g. spiny lobster) in the nearshore waters in the
vicinity of these restoration sites. Simulations of ecological responses to proposed project design and
operation will be evaluated first on the basis of anticipated changes in the quality and quantity of habitat
for important indicator species, and second (where feasible and appropriate) on anticipated changes in
the population sizes of those species. Information on the life history requirements of indicator species,
including their responses to hydropattern change, will be needed to address anticipated changes in
species populations. Indicator groups that should be represented in these evaluations include estuarine
fish (coastal marshes and streams), wading birds (e.g., spoonbills, egrets), marine fish (e.g. spotted sea
trout, mangrove snapper), submerged aquatic vegetation (sea grasses), mangrove forest species, and
federally listed species (American crocodiles). Dilution studies combined with hydrodynamic models for
Florida Bay that extend onto the offshore platform are needed.

Monitoring of ecological responses. Monitoring will ensure the accuracy of predictions and measure the
success of restoration projects. For each of the indicator species or biological communities selected for
simulation-based project evaluation, a monitoring program will be initiated as part of the model
refinement and adaptive management process. Monitoring will be an essential part of the long-term
management of the bay and will provide continuous data observations of the restoration/ management
changes to the upstream system that will help improve the value and calibration of the models.

Understanding the effects of sea-level rise. The formation and sustainability of coastal communities is a
result of the interaction between upland freshwater and tidal inputs. Both of these hydrologic processes
are likely to change in the future with restoration projects and with sea level rise. Resource management
and restoration efforts will require a thorough understanding of the biological and physical controls on
the formation and maintenance of these coastal communities. Research is necessary to assess the current
and historic relationships between sea level, salinity, overland freshwater flows, tidal regimes, water
budgets, and climate on mangrove and oligohaline communities. This information will be used to
develop and validate process-based models useful for simulating hydrologic fluxes, soil dynamics,
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productivity, carbon balance, and spatial variability in the mangrove and oligohaline zones in coastal
areas. Large salinity corrections that are to be achieved in Florida Bay will have a similar, although
admittedly smaller effect on the physiochemical conditions in coastal water immediately seaward of the
string of Key bounding and defining the coastal estuaries from Florida Bay to northern Biscayne Bay. The
coral reef ecosystem within this coastal zone is highly stressed and, some predict, near collapse.
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Landscape-Scale Science Needed to Support Multiple CERP Projects

Overview

This section addresses the needs for science that looks at the
different regions of the South Florida ecosystem as one
contiguous landscape. Understanding the linkages between
hydrology and ecology at this landscape scale is critical to the
successful accomplishment of ecosystem restoration.
Landscape-scale science--which includes broad regional
hydrologic and ecological modeling(including flow
projections), comprehensive water quality programs, and a
comprehensive monitoring program —is contributing to the
design and management of CERP projects. Planning and
implementation efforts for the South Florida Multi-Species
Recovery Plan (see chapter 4) and other ecosystem recovery
projects also require the application of landscape-scale
science, thus reinforcing the need to focus scientific
endeavors in this field.

An important goal of this effort is to coordinate the collection of field data with model calibration and
verification. In addition, tools need to be developed that will allow managers to more readily interpret
model output. The scope, complexity--and potential ramifications — of these overarching models and
programs requires effective interagency participation to ensure the best possible mix of resources are
available and the work and funding are coord